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11 INTRODUCTION
Maintenance of textiles is a common activity in every household all over the 
world. Laundering is one of the most important aspects and it involves the use 
of chemical and mechanical energy as well as time. The important contribution 
of each of these factors in the laundering process varies from one country to 
another and also among households.
In some parts of the world, such as the United States of America and western 
Europe, most people use washing machines to launder their clothes. This means 
that less importance is attached to mechanical energy. Whereas in the majority 
of the developing countries, the stress is on mechanical energy because 
laundering is done by hand and manual scrubbing. Time is also an important 
factor in both hand and machine washing. In machine washing, less time is spent 
on laundering and all the clothes in one load receive equal treatment. This 
means that heavily soiled vclothes may not be adequately cleaned. Research by 
Lambert and Sanders (1950) and Kissa (1973) has shown that the removal rate of 
dirt depends on the length of washing time. Time is not a problem where clothes 
are washed by hand but as people spend less time in the homes due to socio­
economic and industrial changes, it will become an important factor. Another 
important variable is the chemical formulations of the detergents. In developed 
countries, there is a large variety of detergents to cater for all types of 
fabrics, and various types and levels of soiling, while in developing 
countries, the choice is limited to a few varieties. Despite this, there are 
certain cleaning products such as Omo™ in Kenya, which are preferred by 
consumers because they are convinced that it performs better than the other 
laundering products. This preference is very evident from the complaints raised
2
by consumers when there is a shortfall in the production or availability of the 
favored product even when similar products are readily available.
This is the case in Kenya where, due to the aggressive advertizing of the 
manufacturer, consumers have been led to believe that Omo™ is the best cleaning 
agent. Whether this is true is the question. When there is a limited supply of 
this product due to manufacturing problems such as shortage of petroleum, or 
difficulties in transportation, it is felt all over the country and people 
travel to other parts of the country in search of the preferred laundering 
product. Also due to the dependence on petroleum as the raw material, which is 
subject to price fluctuation in the world market, the consumer who believes in 
the superior performance of this product will go all the way to acquire it, 
even though there are less expensive alternatives. This attitude has been 
fostered due to the effective advertising techniques such as demonstrations by 
sales agents, advertisement through the media using slogans such as "Omo washes 
brightest and it shows."
As a consumer and a student of textile science, it is of interest to study 
objectively the relative efficiency of these cleaning agents in relation to 
their cost effectiveness.
To be able to do this, it is necessary to understand how the use of selected 
detergents from Kenya affect the appearance retention of fabrics. This can be 
achieved through the study of soiling, soil removal, soil redeposition, changes 
in color, fabric hand, dimensional stability and surface appearance. These are 
important properties of textiles because in most situations, clothes are 
discarded because of the loss in appearance though they are not worn out. Thus 
appearance retention is an important aspect of wear life.
3The objectives of this study are:
1. To examine the efficiency of the preferred detergent
as compared to the other detergent types used in Kenya,
2. To evaluate the effects of these detergents on the 
appearance of commonly used fabrics.
To achieve these objectives, detergents and fabrics commonly used in Kenya 
were acquired. The detergents included Omo™, Dynamo™ and Perfix™. Cotton, an 
indigenous fabric in Kenya and a polyester/cotton blend fabric were acquired. 
Standard soil fabrics no. 405 from Test Fabrics Incorporated of New Jersey were 
also used to study the soil redeposition aspects of these detergents.
The methodological aspects in the study were soiling, soil removal and the 
evaluation of the efficiency of the detergents through spectrophotometric 
methods.
42 REVIEW OF LITERATURE
In order to understand the effectiveness of a detergent in the cleaning 
process, it is essential to know the nature of the material which is being 
removed. This is due to the variation in soiling matter which introduces 
variability in the removal process such that it is easier to remove certain 
materials than others in a given laundering condition. A review of the 
literature pertaining to soiling and detergency is presented in the following 
sections.
2.1 SOILING AND SOIL REMOVAL.
Soiling is an important consideration in maintenance of textiles because it 
determines the energy combinations both mechanical and chemical and the time 
consumed in laundering textiles. Soiling of textiles is a function of such 
factors as the chemical nature of fiber, morphological characteristics of 
fiber, yarn and fabric geometry and the chemical finishes or treatments applied
to textiles in the construction and finishing processes. Soiling can be
attributed to diverse activities which in turn affect the diversity of soils.
2.1.1 Soil types
Soils in home laundry can be classified into two main categories, organic or
greasy soil and inorganic or particulate. Particulate or inorganic soil
includes clay, soot and metal oxides. Organic soil or the water insoluble 
constituent, consists of sebum from perspiration, scales from the skin which is 
largely protein, foodstuffs, oils from hair and other cosmetic lotions, blood, 
mineral and lubricating oils and other occupational soil. Kissa (1987a)
5suggested a classification based on the physical state of soil at the 
temperature of the laundering liquor. According to him, soil was classified 
into liquid, solid and a mixture of the two. The distinction between the two 
soils was not clear according to the author since water temperatures vary 
according to the laundering practices of the consumer.
Research has been carried out to examine the physical and chemical 
properties of these two types of soils and to ascertain the soil component 
which contributes more to soiling and how the two soils interact as a 
heterogeneous mixture.
2.1.1.1 Particulate soil
Electron microscopy studies on the particulate size range of the natural 
soil in situ on cotton, removed by normal cleaning procedures showed that under 
average conditions clay minerals were the major particulate material that 
controlled soil build up in textile fibers. The average size of a strongly 
adsorbed particle varied from 20 nm to 1 ym and the average particle was 
approximately 100 nm in diameter. Clay particles were found to adhere firmly to 
textile fibers because of their small size, colloidal nature, active surface, 
and a large surface area in proportion to their mass (Powe, 1959). In a review 
on the resistance of cotton to soiling, Getchel (1955) noted that the solid 
fraction of fabric dirt is complex, made up of organic and inorganic substances 
which are the breakdown products of vegetable and animal origin, present in the 
form of very small, often microscopic, particles. The greatest problem was the 
finely divided nature which caused loss of appearance through build up. Dirt 
residue from filters analyzed by Shimauchi et al. (1968) were found to consist 
of inorganic matter such as metal oxides. The presence of carbon was not
6
confirmed. The organic matter consisted of trash of organic and particulate 
soil.
2.1.1.2 Organic soils
Organic soils are fatty materials from the human body and those from foods 
and the environment. These are important sources of most soils found on 
apparel. The human skin contains soil in the form of protein present as skin 
fragments, lipids secreted by the sebaceous glands of the skin in the form of 
sebum and perspiration residues from the eccrine sweat glands. The most 
important of these with respect to its removal is sebum which is composed of 
approximately 35% fatty acids, 30% triglycerides, and 15% fatty alcohols and 
cholesterol (Bevan, 1979). Shimauchi et al. (1968) in a study on soil 
redeposition, analyzed the content of clothing soils by spectrochemical 
analysis of incinerated residue from filters attached to the air control of 
their institute. The finding showed fatty soils were composed of free acids, 
triglycerides, fatty alcohols, cholesterol and hydrocarbons.
Bowers et al. (1969) studied the soiling of a white polyester/cotton fabric 
by infra-red analysis of extracted sebum from soiled shorts. The infra-red 
spectrum of the soil was found to be broad and was similar to olive oil. It 
consisted of 83.5% glyceride of oleic acid, 9.4% palmitic acid, 4% linoleic, 2% 
stearic acid, 0.8% squalene and 0.3% minor components. Sebum absorption was 
similar for cotton and polyester fibers. Powe et al. (1960) in an attempt to 
determine the composition of organic soil analyzed white garments, sheets, and 
shirts which had an extreme build up and had become dirty and yellow due to 
accumulated soil. Before analysis, particulate matter was removed by filtration 
and centrifugation. An extraction technique was used to separate the fractions
7of fatty acids and analysis was carried out using gas chromatography. The 
resulting peaks were analyzed by comparison with known, by separation factors, 
and by elimination of peaks after bromination in the case of unsaturated acids. 
The composition of the samples were calculated from planimeter measurements of 
peak areas. The findings showed that insoluble fatty acid soaps were present in 
all the garment in significant quantities and the esterification fraction was 
the largest. The data indicated that most of the organic material building up 
on cotton fabrics was combined fatty acids in the form of lime soap or esters 
such as triglycerides. The most likely source of these fatty materials was the 
sebaceous secretion from the skin and scalp as evidenced by the high 
accumulation on bed linen and underwear. The average composition of oily soil 
was found to be 50% esterified fatty acid, 24% unsaponifiables, 23% lime soaps 
and 3% fatty acid,
Despite the classification of soils into two categories, soils occur as 
heterogeneous mixtures. Compton et al. (1953a) investigated the action of oils 
and grease as a component in carbonblack-cotton-fiber system. It was 
established that the grease layer bound the soil particles in the fiber surface 
and as water was removed, binding of soil particles on greasy fiber surface 
increased. Rounds et al. (1973) in a radiotracer study also observed that 
particulate soil in the presence of fats caused a significant build up of soil, 
hence contributed to the yellowness of an unfinished cotton/polyester blended 
fabric. Weatherburn et al. (1955) in a study of soiling characteristics of wool 
and viscose, showed that the presence of a small amount of oil increased 
considerably the soil retention of the viscose.
82.1.2 The mechanism of soiling and the locus of soil in textiles
Soiling of textiles occurs through physical contact when soil is 
transferred through spills, by atmospheric contaminants or rubbing against a 
dirty surface, through interfacial attraction such as Van der Waal forces, 
electrostatic forces of attraction, mechanical forces and during the laundering 
process. Several studies have been carried out by various researchers to 
establish the significant factors in soiling of textiles and the conditions in 
which they operate.
Compton et al. (1951) investigated the interaction of cotton fibers reduced 
in length to 0 .1 to 1 millimeter to avoid variables arising from fabric and 
yarn structure. Aqueous dispersions of carbon black soils in the primary 
particle range of 10 to 100 ym were used under various conditions in this 
experiment. The conditions included variations in the rate of mechanical 
action, particle size, detergent type, effect of drying cotton fibers on soil 
retention, and fiber pretreatment. From these studies, it was concluded that 
particles were deposited in the cracks and irregularities of the fiber and that 
the smaller the particle the greater the penetration. The mechanical abrasion 
of fibers caused the deposition of large particles due to the formation of 
large cracks in the fiber. Two stages observed in fiber complex formation 
included the deposition of primary particles and small particle aggregates on 
fiber surface irregularities, then as the system dried, soil agglomerates built 
up on these primary deposits which served as the points of attachment. Optical 
microscope studies confirmed that the mechanism of soiling was mainly through 
micro-occlusion and that sorption was less important because pretreatment of 
cotton with electrolytes or destabilising agents which would create a high 
degree of sorption did not affect soiling. A follow-up study was carried out by
9the same authors (1953a) to Investigate the action of oil as a third component 
in the cotton fiber system and the stability of soil-grease-cotton fiber 
systems in the presence of surfactant and organic solvents. The two soils used 
in this study were Neo spectral black, and German-town lampblack. Chopped 
cotton fibers were slurried together with greasy cotton fibers and greasy soil 
as in previous studies. In a second experiment, grease free soil and greasy 
cotton were used. After soiling, the samples were washed using different 
detergent compositions and the reflectance was determined by a photovolt 
reflectometer. It was concluded that retention of grease free soil by the 
cotton fibers was much greater due to smaller particle size as compared to 
greasy soil which tended to form large aggregates. The detergents found to be 
most effective were Tide® and Igepal® while carboxymethyl cellulose was more 
effective in the removal of grease free soils. The soiling rates of all soil 
types were the same therefore they formed complexes in a similar manner. 
Generally the formation of the greasy bond between soil and fiber did not occur 
during primary deposition because adsorbed layers of water upon fiber and the 
greasy layer prevented formation of such a bond until water was removed from 
the system. The removal of water from the system caused more soil retention and 
sorptive bonding occurred through a greasy layer which bound the soil particle 
on the fiber surface. Apart from sorptive bonding, micro-occlusion was also 
found to be an important binding mechanism.
Hart et al. (1952) examined the factors in primary deposition of carbon 
black soils on cotton fibers and those contributing to the stability of the 
soil-fiber complex. Primary deposition was defined as a process of deposition 
of soil particles on the fiber surface from aqueous soiling dispersion under 
conditions that agglomeration of soil was minimal. A study on the rate of
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primary deposition as influenced by the time of exposure of fiber to soil, 
concentration of soil, qualitative effect of particle size distribution, soil- 
fiber ratio at constant concentration of soil dispersion, varying turbulence of 
mixing during soiling, the effect of presteeping of cotton fiber in water with 
pH 3.5-11.5, the action of surfactant on soiling mixtures, and temperature 
effects was carried out. From these studies, it was concluded that primary 
deposition was a fast rate process and this rate decreased rapidly prolonging 
the time required to complete the process. The rate of primary deposition was 
slightly affected by concentration of chopped fiber in the aqueous slurry 
except in the case of very high concentration where interfiber friction was 
apparent during agitation. With an increase in small size particles there was 
more deposition. Agitation increased soil deposition due to interfiber friction 
and hydraulic stresses while surfactants decreased the soiling rate. Generally, 
the rate of primary deposition depended on probability of close approach of 
soil particles to a site on the fiber. The factors that affected this 
probability included concentration of soil, changing percentage of particle 
size distribution and agitation. The authors were of the view that in 
attempting to explain the mechanism of primary soil deposition and retention on 
fiber surface, two fundamental questions have to be answered. These questions 
were concerning the nature of the process by which soil-fiber complex is formed 
and, the nature of bond or what factors control stability. Other observations 
showed that the chief factors controlling formation and stability of the soil- 
fiber complex were the geometric relationship between the size and shapes of 
the functional rugosities upon the fiber surface and probability of close 
approach. Geometric bonds formed in the total soil-fiber complex before gentle 
stirring or strong agitation varied in strength from practically zero to a
11
magnitude that required disruption of fiber to release soil particle. Soil 
remaining in fiber after stirring or strong agitation was held by geometric 
bonds that were stronger than frictional or hydraulic stresses which could be 
imposed upon them. Hart et al. (1953a) proposed in a previous study (1952) that 
the submicroscopic rugosity on the cotton fiber surface was of primary 
importance in determining the extent of permanent soil retention, and the 
geometric mode of soil attachment. Work was extended to determine whether the 
case was similar for other fibers, and also to determine the suspending power 
of various surfactal systems in the presence of a series of some commercially 
important fibers as substrate. The chopped fiber technique was used in studying 
cotton, linen, viscose, rayon, fortisan, nylon, silk and wool fibers. Four 
types of studies were made in the fiber slurries with aqueous dispersion of 
carbon black of various average particle sizes. These included determination of 
fiber surface crevice area distribution using carbon black of various particle 
sizes, of soiling rate using an ultrafine gas black, the suspending power of 
various surfactants on various substrate fibers, and a study of the thermal 
coefficients of stability of the various soil fiber complexes. The findings 
showed that the synthetic fibers had a low soiling rate and retention than 
natural fibers except for silk due to the smoothness of the fiber surface. 
Suspending power was calculated using the Bayley-Weatherburn equation as 
follows:
suspending power = 100(Bg - BW)/(BQ - Bw) 
where:-
Bg - reflectance of sample soiled with surfactant present 
Bw - reflectance of soiled sample without surfactant 
BQ - reflectance of soiled sample
From the reflectance measurement, it was observed that the cellulosic fibers 
were similar in behavior but other fibers showed diversity in behavior. Nylon
12
had a negative suspending power due to less wettability except in the presence 
of material of low surface tension. Under different temperatures, there was no 
significant difference in soil retention. The inability of temperature change 
to affect soil retention was concluded to be important in situations where 
geometric binding of the soil component occurred, whereas if an energetic mode 
of binding was operative, soil retention would change with temperature.
Powe (1959) in a study on the nature of tenaciously bound soil found that 
accumulation of soil in the rugosities of the cotton fiber surface was not an 
important mechanism in soil retention. This was because the majority of soil 
particles were found to be approximately 100-200 nm while the upper limit of 
the rugosities are approximately 50 nm. Adsorption of soil to fiber surface was 
found to be the chief mechanism of attachment and coulombic, Van der Waals or 
hydrogen bonds were speculated to be the three types of adsorptive bonds 
involved. Kissa (1973a) studied soil transfer as influenced by friction and 
abrasion by scanning electron microscopy. The results of this study showed that 
the main cause of soiling was due to adsorption and not mechanical entrapment 
of soil. Adsorption was found to occur through molecular or coulombic forces or 
hydrogen bonding. Van der Waals forces were only effective in short distances 
requiring close proximity for particles to be adsorbed on to the fiber. Other 
findings showed that increased pressure in soiling increased contact angle 
between soil and the fiber surface therefore more soiling occurred. The amount 
of yarn twist and type of fabric construction also determined the amount of 
soil adsorbed and the presence of a surface film for example oil increased 
soiling.
The Washington AATCC section, as reported in the American Dyestuff Reporter 
(1954) in a review of soiling mechanisms, contended that garments were subject
13
to soil from the atmosphere, through contact with soiled objects in the 
surrounding, and by contact with the skin. Oily secretion of the skin 
especially around the neck, axilla and groin where skin secretions are at a 
maximum increased the retention of dirt from outside sources. These are 
frequent areas of soiling when exposed to atmospheric dirt especially the neck 
and the scalp. Cosmetics and hairdressing oil also add to soiling of fabric in 
skin contact. To test the validity of these conclusions, a method utilizing a 
collar designed to be worn unobtrusively beneath the regular shirt collar was 
designed. The collar test method included the dry-cleaning or laundering of 
samples before and after wear trials and determination of reflectance. The 
results of these experiments indicated that cotton soiled less readily than 
nylon and polyester, while rayon and acetate were intermediate. Minor 
differences were observed in the soiling of cotton broadcloth compared to 
cotton oxford and starched compared to unstarched cotton fabrics. While 
reflectance decreased rapidly at first and then more slowly, the accumulation 
of soil was linear over the entire period of wear. Yellowness was found to be 
an important consideration in the study of the soiling of fibers in contact 
with the skin. The optical brightening agent contained in at least one of the 
popular household detergent was effective in masking the increasing yellowness 
of cotton resulting from repeated soiling and laundering cycles. A major 
fraction of this particular type of soil was removed during the first minute of 
laundering, and that after four minutes the rate of removal was negligible. The 
quantity of soil removed from all fabrics was nearly equal, but significantly 
greater residues of soil remained after laundering in those materials having 
high soil content.
Studies by Weatherburn and Bayley (1957a) were carried out to determine the
14
effect of varying filament denier on soil retention using a series of man-made 
fibers. The fibers included normal acetate with serrated cross section, a 
circular cross section, nylon, polyester, and viscose rayon with filament 
deniers varying from 2 to 16. The content of soil was determined by dissolving 
the soiled fabric in a suitable solvent and measuring the optical density of 
the resulting suspension using electroplating. Generally, soil retention was 
found to increase with decreasing filament denier and for any type of fiber, a 
circular cross section retained less soil compared to the serrated cross 
section. Soil retention was observed to be a linear function of the gross 
surface area of the filament. These findings were in agreement with those of 
Mas land (1939) who found that the number of indentations in a fiber did not 
determine the soiling capacity but the total length of channels in a given 
weight. Weatherburn et al. (1957b) studied the effect of yarn twist on the 
mechanical entrapment of soil in the interfiber space between two or more 
adjacent fibers. Continuous filament acetate yarns containing 34 filaments of 
3.5 denier per filament with varying twist from 0-60 turns per inch (tpi) were 
studied. It was concluded that the amount of soil retained by yarn decreased 
with increased twist especially at high soiling levels. This finding confirmed 
through microscopic examination which showed that at 20 tpi, visible soil 
particles had penetrated to the center of the yarn whereas at 60 tpi, the soil 
was located at the exterior surface only. Soil retention decreased because the 
interior of the yarn became inaccessible to soil particles. Maximum retention 
was at 0-20 tpi. It was also observed that the effective soil content was a 
function of soil retained and the specific absorbance of the soil which varied 
in yarn differing in the number of filaments and filament denier.
Bowers et al. (1969) studied the effect of denier on the soiling of white
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polyester cotton blend. Continuous filament yarns of varying draw ratios were 
prepared and the amount of sebum absorbed was measured gravimetrically. The 
results of this study showed that as draw ratio decreased, the amount of body 
sebum absorbed and retained increased after washing. Drawing increased the 
compactness and degree of order in a fiber, which was more important in soil 
retention. Overall fiber morphology did not contribute to soiling but it was 
partially responsible because it controlled the hydrophobic and hydrophilic 
characteristics which were affected by the increase in orientation during 
drawing. As the denier decreased, surface area to weight ratio increased and 
soling increased. The importance of fiber and filament structure and length in 
soiling was also studied by Brown et al. (1968). Practical wear and wash tests 
of coats worn in a fish and chips establishment made from polyester, nylon and 
polyester/cotton blend were used in this study. The findings indicated that 
coats made from spun fiber yarn were much more difficult to clean at 45°C wash 
water temperature than other yarn types. Scanning electron microscopic studies 
of the fabrics revealed that surface area was not a significant factor in ease 
of soil removal but it was due to the criss-cross randomly spaced fibers in 
spun yarn in which heavy deposits of fat were held, which were not present in 
the filament yarn.
Other studies to determine the factors contributing to soiling were carried 
out by Mas land (1939). A microscope was used to study varying cross sections of 
wool and viscose rayon, the common carpet fibers at that time. Some of the 
conclusions from this study were that fiber diameter and cross section were 
important in soil retention. Fiber of smooth circular cross section and a small 
diameter had high retentive power therefore in that situation the fiber type 
and fabric were not very important. Fiber of a large diameter and an irregular
16
cross section contributed more to soiling than a similar one of a large 
diameter with a regular cross section. Fiber length was not found to be an a 
significant factor in soiling. The ideal fiber to resist soiling was a large 
diameter fiber greater than 27 ym and with a smooth round cross section, free 
of crevices.
Fort et al. (1966a) used electron microscopy to study the locus of soils in 
cotton and polyester before and after soiling and after laundering. The 
findings indicated that in polyester soil was deposited around the periphery of 
the filament bundle due to direct contact of the cuffs they used in their study 
with the skin. Particulate soil was found to be embedded in the oily soil 
layer. They also thought that if deposition of fatty acid could be prevented, 
the particulate constituent might not be a problem. On the other hand, Howarth 
et al. (1966) were of the opinion that in certain situations, it was even more 
difficult to remove some particulate soil because it was held more firmly and 
hence posed a similar problem as oily soils. Using microprobe techniques to 
analyze the distribution of residual oil within yarns, Obendorf et al.(1982), 
showed that for synthetic yarn, residual oil was present in the interfiber 
spaces whereas in cotton, it was found in the lumen, crenelated surface of the 
fiber and in the interfiber spaces. This had a bearing on the removal of soil 
because the deeply ingrained soil in the cotton yarns was more difficult to 
remove than that from the surface of polyester yarns.
Kumar et al. (1984) reported the effect of humidity on the soiling behavior 
of cotton, cross-linked cotton and polyester fabrics with a model particulate 
soil (ferric oxide) and a composite soil. Lubrication oil and saturated 
solutions of different electrolytes in distilled water were used to maintain 
the level of humidity required. Evaluation of soiling was done
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spectrophotometrically and the Kubelka-Munk equation was used to calculate 
soiling rates. Soiling by composite oil was found to occur by wicking through 
displacement of fiber/air interface by fiber/soil interface. The mechanism of 
interaction was found to be hydrogen bonding energy which depended on the 
disposition of water molecules to the restrains imposed on them. At low 
humidity, water molecules present in a compact localized layer provided high 
restrictions to the wicking of the hydrophobic oil. At low humidities, when the 
material was allowed to soil, the water molecules were directly absorbed on the 
active sites where attraction forces were greatest forming firmly oriented 
layer fitting closely to the structure of the molecule. With an increase in 
relative humidity, the water in the fixed layer oriented on the substrate gave 
rise to a dipolar field which attracted another layer and so on. The 
intermediate molecules were less oriented and loose, therefore the water 
adsorbed had similar properties to the liquid mobile layer, and the resistance 
offered was low. This facilitated transport of soil by sliding action, and a 
decrease in soil density at higher humidity. At all humidities, the order of 
soiling was polyester > cotton > cross-linked cotton.
Snell et al. (1958) in a review of literature on soiling, showed that 
electrostatic forces constituted one of the important factors in direct 
adhesion of soils to fabrics. Particles had power to adhere and the adhesion of 
lamp black or iron oxide to textiles was much more difficult to overcome than 
that of fatty substances. This attraction was due to differential charge 
between soil and textile materials. Through cataphoresis, it was estimated that 
cellulose and cellulosic materials, wool, and soil were negatively charged. 
Under home laundering, wool, silk and cellulose were negatively charged because 
washing conditions were alkaline or approximately neutral. Carbon and iron
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oxide were positively charged under certain conditions and therefore were 
attracted to the fabric with a negative charge. The degree of the polarity of 
fabric and soil are important in sorption and retention of soil by fabric . 
Fabrics are non-polar due to innumerable air pockets varying with weave and 
fiber. Since oil is non-polar it makes the fiber and soil compatible resulting 
in the formation of a oil coat around the fiber and the penetration of oil into 
the interfiber spaces. The importance of fiber and soil polarity could be 
observed during initial wetting in detergency when air pockets are removed. 
Wetting was found to be difficult especially if fibers were non polar because 
soiled capillaries were non-polar hence there was an appreciable contact angle 
against water causing difficulty in wetting and hence the removal of soil.
In review of the factors contributing to soiling in cotton, Getchel (1955) 
also attributed soiling to charges on fabric structure rather than on soil 
particles in the air which have a low charge under normal conditions. Charged 
fabric surfaces attracted particles that came within range inducing a charge of 
opposite sign on the surface of the particle and the fiber. This charge varied 
inversely as the square of the distance between the two surfaces. In oil 
bonding, adhesion forces resulted from a mutual wetting of the surfaces of 
fibers and from soil particles. Wetting sorptive forces and Van der Waals 
forces were therefore found to be unimportant in soiling by dust particles. 
Weatherburn (1957b) in studies on the contribution of electrostatic forces in 
soiling found no correlation between electrostatic charge and soil retention.
He rationalized that while electrostatic attraction is well recognized as a 
common mechanism of impingement, its effectiveness as one of the components of 
the adhesional force in the fiber-soil complex is not well established.
Lord et al. (1960) reported a study on the relations of static to the soiling
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of garments in wear. From studies which were carried out using a fieldmeter, 
shirts made from acrylic, polyester, and cotton, showed no difference whether 
an antistatic agent was applied or not, hence, no obvious soiling effect was 
attributed to static because soiling of collars and cuffs were of contact type 
and electrostatic charges played a minor role. A similar experiment using 
underskirts showed that electrostatic soiling was an important factor due to 
the attraction of charged airborne dirt. Other studies that investigated the 
role of electrostatic attraction in the soiling of cotton fabrics showed that 
when cotton was subjected to a supply of current while suspended vertically in 
the air, soiling was observed to be more rapid. At a given potential a 
positively charged specimen soiled more because of the preponderance of 
negative charge in the atmosphere. Electron microscopy studies of the size of 
these particles showed their diameter to be within 0.05 and 0.1 ym (Rees,
1954).
Edelstein (1952) in a review of static electricity in textiles explained 
that the mechanism of static electricity development in textile materials was 
due to separation of two layers particularly when two dissimilar substances 
were brought into contact. Electric charges occur in pairs of positive and 
negative, which on separation migrate to one substance making that substance 
negatively charged whereas the other becomes relatively positive. The number of 
charges developed on a substance depends on the chemical nature of the 
substance, the extent of the area in actual contact, and the pressure between 
two substances. A textile charged with static electricity has the power of 
attracting uncharged particles, therefore, soil which is charged will be 
attracted. This was proposed to be a problem to the consumer because clothes 
got dirtier and uncomfortable to wear.
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Apart from the above methods of soiling, soiling of fibers can also occur 
during the laundering process. This process is referred to as wet soiling or 
soil redeposition. Soil redeposition can be defined as precipitation of soil 
once removed from substrate back onto the substrate or into accompanying 
substrates. Soil redeposition is a complex process dependent on the 
interactions among many variables including washing conditions such as time, 
temperature, mechanical agitation and the time, temperature, and volume of 
water used in rinsing. Detergent type, concentration of surfactant and 
deposition inhibitors, chemical and physical properties of soils and fabrics 
including the finishes applied to fabrics are also some of the important 
variables in soil redeposition.
Mazzeno et al. (1958) reported a study of the factors contributing to wet 
soiling in resin treated cotton fabrics. The results indicated that at high 
laundering temperatures, the resin finish became tacky and this caused the 
carbon to adhere more to the surface of the fabric contributing more to the wet 
soiling of the resinated fabric. Beninate et al. (1966) studied the effect on 
soil removal and wet resistance of cotton treated with dimethylolethyleneurea 
(DMEU) or triazine cross linking formulations containing carboxymethyl cellulose 
(CMC). Dispersions of carbon black in water and a mixture of carbon black and 
mineral oil was used as the soil mixtures. The reflectance and physical 
properties of the laundered samples were determined and used as a measure of 
soil removal. The reflectance measurements showed an improvement in soil 
removal of fabrics treated with CMC compared to the untreated fabrics. Berch et 
al. (1964, 1965) carried out a series of studies on the influence of fabric 
finishes on the wet soiling of cotton fibers. Deposition of aqueous suspensions 
of iron oxide, carbon black, iron oxide coated with carbon black, carbon coated
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with oleic acid and vacuum cleaner dirt on cotton finished with various 
chemicals was measured after laundering with various detergents. The results of 
these studies were discussed in terms of the hydrophobicity, hydrophilicity, 
hardness and the ionizing properties of the finishes used. Untreated cotton was 
found to release soil more easily than those treated with fluorochemical or 
silicon finishes because of the hydrophilic properties. Cotton fabrics treated 
with hydrophilic finishes, such as CMC, released soil more easily than 
untreated cotton fabrics. Soft acrylic finishes retained and picked up more 
soil than the hard finish. Finishes with ionizing groups such as acrylic with 
carboxyl and amino groups generally released more soil than untreated cotton. 
The hydrophilicity or hydrophobicity of a finish was important because it 
influenced its surface energies or wettability in air or in an aqueous medium.
A study of the critical surface tensions for wetting of various finishes showed 
that cellulose had a high surface energy, or critical surface tension for 
wetting in air, but a lower surface energy in water, therefore it could resist 
wet soiling by hydrophobic soils. Hydrophobic soil was easily removed from 
cellulose. Silicon and fluorocarbon finished fabrics had a high tendency to be 
soiled by hydrophobic soils in water due to a low surface energy in air and a 
high surface energy in water. This behavior is a problem because hydrophobic 
soils are not easily removed. Utermohlen et al. (1951) reported a study on the 
improvement of cotton cloth in resistance to soiling and ease of washing. The 
study addressed the problem of producing resistance to soiling in cotton 
textiles and the effect of treatments upon ease of soil removal or uptake. The 
various treatments which were applied to cotton fabric in order to study their 
effect included moisture content, softening agents, hydrophobic finishes, and 
acetylation or carboxymethylation. The effect of these treatments on the action
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of liquid-dispersed soils such as carbon tetrachloride or water were studied. 
The ease of acquisition of dry soil applied by tumbling method was also 
studied. Some of the findings showed that carboxymethylation was the best 
treatment for cloth exposed to liquid-dispersed soils. The treatment of cotton 
cloth with carboxyl groups and the application of certain softeners conferred 
electric charge to fabric and cationic-exchange properties to the cloth. For 
cloth exposed to dry soil, partial acetylation was better than neutral vinyl 
resins or hydrophobic finishes. Vinyl resins were more susceptible to dry 
soiling than untreated cloth. After soiling from carbon tetrachloride 
dispersion of lampblack, all vinyl finishes held the pigment more tenaciously 
upon washing which was explained to be caused by preferential wetting or other 
surface-attachment phenomenon.
Byrne (1972) studied the wet soiling of various hydrophilic and hydrophobic 
fabrics in aqueous and Mdry-cleaningn media containing fatty and particulate 
soil. The fatty soil was principally human sebum which had been extracted from 
hair whereas particulate soil was extracted air-dirt from air intake filters. 
Wet soiling was evaluated through deposition of soil on clean fabric from the 
soiling medium. The dirty !,dry-cleaningM medium was simulated by a solution of 
perchloroethylene containing air dirt. The results from reflectance measurement 
showed that the amount of fat absorbed increased with the increasing 
hydrophobicity of the fabric and that it also depended on the fabric 
construction and the nature of the fiber surface. Repeated soiling and washing 
caused all fabrics to grey with the exception of nylon which yellowed. The 
yellowing of nylon was attributed to water-soluble and lipophilic components of 
air-dirt. Generally hydrophobic fabrics soiled more with washing than 
hydrophilic fabrics such that the second washing was determined to contribute
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to 50% percent soiling as compared to that after 20-30 wash cycles. Natural 
fibers soiled more in particulate soil due to the irregular surface properties. 
Hydrophilic fabrics soiled more in ndry-cleaningn media and nylon was slightly 
yellowed while other fabrics showed no evidence of yellowing.
Apart from the contribution of fabric finishes and fiber properties to soil 
redeposition, several studies have been carried out to examine the contribution 
of surfactants to soil redeposition and how this can be controlled. Sanders and 
Lambert (1951) reported a study on the mechanism of the building action of a 
nonionic detergent and alkylaryl sulfonate built with 0 .1% tetrasodium 
pryophosphate and 0.01% CMC both separately and together. The findings showed 
that the detergency of nonionic is not improved much by alkali whereas that of 
aklylaryl sulfonate showed a great improvement. Building with carboxymethyl 
cellulose alone appeared to improve detergency with a similar difference in the 
detergents but the best results were achieved with both alkali and CMC. The 
role of alkali was attributed to its ability to increase the negative charge on 
both the fiber and the soil through adsorption of the anions which helped to 
break the adhesive bond between soil and fabric through the electrostatic or 
zeta-potential effect. A minor role of the alkali was explained to be due to 
its ability to cause the swelling of the fiber interstices entering into ion- 
exchange with the soil components or influencing the degree of adsorption of 
the synthetic detergent by the fiber. Detergency studies of CMC showed that it 
reduced wet soiling or soil redeposition which was assumed to be due to its 
adsorption onto the cotton mechanically blocking the finer capillaries or 
interstices in the fiber, thus preventing penetration of the fine soil.
Vitale (1954) reported a study on the effect of electrolytes on soil 
redeposition under laboratory and home laundering conditions. Deposition
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studies on cotton swatches were carried out using aqueous suspensions of 
aquadaq containing salts of the detergent to be examined. The results of these 
studies were correlated to multiple-cycle soiling and washing of hand-towels 
under ordinary home laundering conditions. The deposition tests obtained for 
pure and commercial soap, commercial synthetic detergents and certain inorganic 
sodium salts indicated that both built and unbuilt soaps suspended aquadaq 
effectively. For saturated soaps, better soil suspension was achieved with the 
higher molecular weight members. Other findings showed that built soap and 
commercial synthetic detergents deposited more soil with increasing 
concentration and extremely poor soil suspension was obtained with sodium 
chloride, carbonate, tetracarbonate, pryophosphate, and metasilicate. A study 
on the effect of common divalent ions present in natural hard water on the soil 
deposition of various detergent systems showed that soil redeposition increased 
by addition of either sodium sulfate or salts of calcium and magnesium to 0 .1% 
solutions of sodium salts of sulfated coconut monoglyceride. Synthetic 
detergents exhibited a weakness for suspending soil in hard water hence the 
need for protection against divalent ions such calcium and magnesium by 
incorporation of phosphates. The addition of the protecting agents into soap 
was not necessary because soap was self protecting hence the suspension of soil 
in hard water was not affected. An examination of some water softening builder 
salts and the effect of sodium tripolyphosphate on soil deposition of a 
synthetic detergent in hard water showed that tripolyphosphate in hard water 
reduced soil deposition in the presence of a detergent. Practical towel tests 
also confirmed the reduction in soil deposition with the addition of sodium 
tripolyphosphate and CMC.
Ross et al. (1955) also studied the deposition effects of aquadag on cotton
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fabrics to evaluate the suppression of mono and divalent cations. Suppression 
of soil deposition due to elimination of responsible cations and protection of 
the soil and/or cloth substrate from the action of cations using carboxymethyl 
cellulose was examined. The effect of the suppression of calcium salts by 
ortho-, pyro-, tri-, and metaphosphates and sodium sulfate showed a marked 
increase in deposition with increase in concentration. Chelating agents such as 
pentasodium triphosphate and ethylene diamine suppressed the effect of hard 
water by complexing and eliminating calcium and other water hardness cations 
from the system. When these materials were used in hard water, a deposition 
minima or maxima in the whiteness of the swatch was observed. Maximum whiteness 
was obtained with 0.04 g of triphosphates for a 100 ppm solutions and 0.14 g 
for 360 ppm solutions corresponded to 1.2 moles of triphosphate per mole of 
calcium hardness. With tetrasodium salt of ethylene diamine tetra-acetic acid 
the value for both 100 ppm and 360 ppm was very close to one mole for one mole 
of calcium. Due to this stoichiometric relationship, further addition of the 
triphosphates caused an increase in deposition due to the increase in sodium 
ions. Suppression of deposition by protection of the cloth using CMC showed 
that it inhibited soil deposition in the presence of mono- as well as 
polyvalent ion and a relatively small amount was required for protection. 
Compared to phosphates, CMC did not sequester or remove calcium ion to a marked 
degree. Rutkowski et al. (1961) reported a study on the properties of sodium 
and tetrasodium polyphosphates builders in a cotton-particulate system using 
radiotracer techniques. The findings from studies on sodium tripolyphophate 
confirmed those of Ross et al. (1955) that minimum soil redeposition was 
reached at a calcium-tripolyphosphate mole ratio of 1:1 at which complete 
sequestration of calcium occurred. Tetrasodium pryophosphates also showed fixed
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ratios with calcium but this occurred in two phases. The first phase was at a 
ratio of 1:0.63 while the second occurred at a mole ratio of 1:1.26 to 1:1.58, 
an indication of the formation of more than one species of insoluble calcium- 
pyrophosphate salt. A comparison of the relative efficiencies of tri- and 
pryophosphate in preventing clay deposition showed that pryophosphate attained 
a minimum deposition at a concentration of 0.0025% which was found to be half 
of that of the triophosphate. Deposition of clay onto cotton was not influenced 
by the presence of calcium-polyphosphate precipitates but by the presence of 
unsequestered or unprecipitated polyvalent metal ions in the wash solution.
Schott (1966) studied the antiredeposition properties of ammonia 
carboxymethyl cellulose and a nonionic detergent, nonylphenol.30 ethylene oxide 
(NPh.30 EO) in a clay-cotton system. Fabric pretreated with CMC was treated for 
different lengths of time with a clay dispersion and the clay levels were 
compared after a number of washing cycles with a blank. The results indicated 
that pretreatment of the fabric with CMC retarded clay uptake though the 
difference in clay retained by the pretreated and non treated swatch remained 
constant after four cycles. The Constance in clay retained after four cycles 
was attributed to the loss of cotton with its adhering clay from the fabric 
owing to the mechanical action of the tergometer. The treatment of clay with 
CMC reduced the uptake of clay by cotton due to adsorption of CMC on the clay 
particles which interfered with the clay uptake by binding together primary 
particles in the aqueous dispersion. Thus the clay aggregates could not cover 
the cotton surface with as dense and complete a layer as primary particles 
depositing freely and independently over cotton. Another explanation of the 
reduction in clay uptake was postulated to be due to the competition for the 
cotton surface by the clay and CMC. Studies with the nonionic detergent mixed
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with clay dispersion prior to immersion of swatches showed that the nonionic 
detergent completely prevented the retention of clay by cotton and probably the 
uptake. The complete removal of clay was explained to be due to the strong 
adsorption of the detergent onto the clay to form interlamellar complexes whose 
formation was less strong for cotton. However, after the clay had been taken up 
by cotton, it was difficult for nonionic detergents to break the strong bonds 
between clay and cellulose. Powney and Noad (1939) also reported a study on the 
suspending power of various detergents. The darkening of cotton swatches 
suspended in Ilmenite black was measured using a photo-electric photometer and 
the ratio of light reflected from the soiled fabrics to that of unsoiled 
fabrics was used as a measure of the darkening of the swatches. Some of the 
findings indicated that alkalies such as sodium carbonate and sodium hydroxide 
caused a pronounced increase in deposition of Ilmenite on the fabric both in 
the presence and absence of soap. This was due to the fact that the sodium ion 
was preferentially adsorbed reducing the repulsive force between the particles 
and the fabric facilitating increased deposition. Studies on the suspending 
power of silicates and phosphates showed a decrease in deposition of ilmenite 
due to the selective adsorption of the silicate and phosphate anions or 
aggregates. This adsorption caused the increase in the electrostatic force 
between the fabric and the particles and a reduction in the probability of 
adhesion.
2.1.3 The mechanism of soil removal
Soil removal involves water-detergent transport, separation of soil and 
substrate and the removal of this to the bulk of the bath (Kissa, 1987b). Most 
studies on soil removal have focused on the removal of oily soil because this
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is a more problem soil than particulate soil. Three mechanism which have been 
identified as contributing to soil removal and detergency are the rolling up 
mechanism, solubilization and, emulsification. These processes may occur 
simultaneously in the detersive process accompanied by soap and complex 
formation which also contribute to soil removal.
2.1.3.1 The mechanisms of oily soil removal
2.1.3.1.1 Rolling-up mechanism
Adam (1 93 7) demonstrated the manner in which oil drops roll up into spheres 
by the alteration of the contact angle. Wool samples which had been greased 
with lanoline colored dark with an oil soluble dye were immersed into varying 
detergent concentration from a dilute 0 .001%,to 0 .005% and 0 .01% cetyl sulphate 
and observed through the microscope. In the dilute solution, grease was 
observed to spread uniformly along the fiber surface while in the more 
concentrated solutions ( 0 .005% -0.01%), the grease collected locally in globules 
on the fiber leaving most of the fiber surface clean. Some of the globules 
measured more than 50 microns across. These globules were observed by the 
author to be too large to be removed by diffusion or molecular motion hence he 
concluded that detergent action was not due to dispersion of dirt but a 
displacement of dirt from its adhesion to the surface by the aqueous detergent 
solution. Mechanical agitation was necessary to remove the displaced dirt.
Under those experimental conditions, temperature did not enhance the removal of 
oily soil. The detergent process was therefore attributed to the alteration of 
the angle of contact between the grease-water surface and the solid surface 
being cleaned from 180° to 0° measured in the water. When a fabric was soiled
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with grease, it spread in a thin layer on the solid surface and the contact 
angle was 180° in the water (0° in the oil). When the fabric was laundered in a 
detergent, the contact angle changed to 0° in the water (180° in the oil).
These changes in contact angles are shown in Figure 1 and represented 
schematically in Figure 2.
The angle of contact made by the grease water interface with the solid 
surface can be expressed in terms of the surface tension and tfg of the 
grease and water respectively and the interfacial tension tf^ g between the 
grease and the water, and the works of adhesion W^g and Wgg of the water and 
the grease respectively to the solid as follows:
cos 0AB = WAS ' yA "( WBS "yB V yAB
or cos 0^g = adhesion tension, water-solid, minus adhesion tension, oil-solid
interfacial tension oil-water
This equation illustrates that water is made to displace the oil from the fiber 
by dissolving the detergent in it and that for efficient detergent action, cos9 
should be at its minimum possible value while the receding angle 0^ should be 
maximum. The first equation shows that it is desirable to diminish both the 
surface tension of water and its interfacial tension against oil and also to 
increase the adhesion of the water for the solid surface for efficient 
detergency. Therefore a combination of all the three in a certain proportion 
are necessary aspects of detergency. The contact angles of importance in the 
detergency process are shown in Figure 3. Among these angles, the advancing 
angle was found to be more important in the roll-up mechanism. The detergent 
must alter the relationship between the water and the fiber so that the water 
will advance along the fiber surface with a very small angle in front, to drive 
a wedge underneath the oil and raise it off the fiber. From these studies the
most important factor in soil removal was the contact angle formed by the 
interface between the oil and the water with the solid surface.
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FIG. Is Progressive roll-up of an oil stain from wool fibers immersed in a
detergent solution. From ’’Detergent action and it’s relation to wetting 
and emulsification” by N.K. Adam, 1937, Jour. Soc. Dyers & Color., 5_3, 
p.125.
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FIG. 2: A schematic representation of the detergency process. From ’’Textile
characteristics affecting the release of soil during laundering” by 
Smith & Sherman, 1969, Textile Res. Jour. t 5., p.444.
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FIG. 3: Significant contact angles in the detergency process. From MTextile 
characteristics affecting the release of soil during laundering" by 
Smith & Sherman, 1969, Textile Res. Jour., 5, p.442.
0 = equilibrium angle, 0A = advancing angle; 0R = receding angle.
Smith and Sherman (1969) in a review of the textile characteristics 
affecting the release of soil during laundering analyzed the thermodynamic 
parameters which promote spontaneous soil removal. The reduction of the contact 
angle as an important aspect in soil release as proposed in an equation by Adam 
(1937) was compared to an equation from the thermodynamic point and it was 
found to be qualitatively in agreement. The equation from the thermodynamic 
point of soil release was as follows:
AE = V w  + yw/f - yo/f
Where %Q/W is the interfacial tension between oil and water, %w/f is that 
between water and the fabric, ^0/f is the interfacial tension between oil and 
the fabric and AE is the change in free energy.
The change in free energy per unit area affected is equal to the sum of 
interfacial energy of oil and water and the interfacial energy of water and 
fiber minus the interfacial energy of oil and fiber. This requires the 
achievement of a large value of *0/f as compared to the first two interfacial
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energies if the detergency process is to be spontaneous. As compared to the 
values of cos 0, which should be at its minimum value as proposed by Adam 
(1937), the value of AE must be very small for efficient detergency. The 
magnitude of these values could be realized according to the authors without 
regard for fiber or fabric geometry. Smith and Sherman (1967) described a study 
on the methods of achieving the ideal interfacial energies for spontaneous 
detergency. Some of the conclusions from this study were that oil/water 
interfacial energy was governed by the detergent and its concentration, which 
was normally very small. A relatively small value for water/fiber and a large 
value for oil/fiber interfacial energies could be achieved by applying a very 
polar surface coating to the fiber or by using a very polar fiber. Lowest 
interfacial energies could be achieved when the force fields operating on the 
surface of the fiber were well matched. A pairing of polar/polar and 
nonpolar/nonpolar solids and liquids lead to lower interfacial energies while 
that of nonpolar/polar pairing would create the highest interfacial energies. 
The implication of this is that the removal of oily soil from untreated cotton 
in an aqueous medium should be spontaneous because cotton a polar fiber has a 
high energy and low interfacial tension in water. Whereas the opposite would be 
true for polyester which has a similar polarity with the oily soil and a high 
interfacial tension with water. Studies on wet soiling of cotton by Berch and 
Peper (1965) among others have shown that untreated cotton fabrics released 
oily stains more easily due to its low interfacial energy in water compared to 
cotton which had been given stain and water repellent finishes. These finishes 
increased the interfacial tension between fibers and water while reducing the 
hydrophilicity of the fibers.
Kissa (1971a) in a study on the kinetics of oily soil removal noted that the
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roll up mechanism was also determined by the viscosity of soil. When the 
viscosity of soil and the cohesive forces between molecules was high, it became 
more difficult to remove oily soils. The roll up mechanism was not considered 
ideal because oil buoyancy and hydraulic currents could cause necking and 
drawing of oil droplets resulting in incomplete removal of soil, and roll up of 
several droplets. Surfactants lower the surface tension between water and fiber 
and that between water and oil and in the case where a detergent was not 
soluble in the soil, the roll up mechanism was more important although it was 
assisted by buoyancy and hydraulic forces present in the agitated bath.
Stevenson (1953) reported among other studies the use of photomicrographic 
techniques to study the removal of nujol oil from wool fibers by sodium oleate 
and the removal of natural soil from the same fiber using alkyl sulphate. Some 
of the observations showed that the simple rolling up process was important in 
the removal of oily soil from wool fibers soiled with nujol and that roll up 
time was dependent on the size of the oil droplet. In the alkyl system, 
complexes were formed between the detergent and the natural soil which hindered 
the free dispersion of the emulsion formed. The removal of soil was through the 
rolling up process accompanied by spontaneous emulsification. In situations 
where there was salt in the fibers, gelatinous acid soaps were formed and 
through osmosis, the sheath of soap was caused to swell resulting in the 
lateral movement of the soil. The rolling-up process was not observed to 
operate instead spontaneous emulsification and dispersion of the solid matter 
occurred. The acid soap layer encouraged the breaking up of soil especially if 
the gelatinous layer was broken up before the end of the wash cycle through 
agitation.
Meek (1966) carried out microscopic studies to determine the action of
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alkali and soap plus alkali in the removal of fatty soils from naturally soiled 
cotton fabrics. Four actions including rolling up, emulsification, complex 
formation, distortion and depletion were observed when 0.3% sodium metasilicate 
(alkali) was added to the laundering liquor. Rolling up was explained in terms 
of the formation of soap by the combination of fatty acids in the dirt with the 
alkali. Emulsification was observed to be the prevalent mechanism and was often 
accompanied by the separation of an additional phase similar to the complexes 
described by Stevenson (1953). Complex formation was explained to be due to the 
interaction of the soap formed from the reaction of the fatty acid and the 
alkali.
2.1.3.1.2 Solubilization
Solubilization involves the dissolving of an otherwise insoluble substance 
by incorporation into the micelles or molecular aggregates of a surfactant 
solution. The surfactant consists of hydrophilic and oleophilic groups which 
dissociates in water to form micelles in which the hydrophilic segment becomes 
oriented to center and the solubilized substance becomes enclosed in the center 
of the micelle. When the solubilized soil is polar, it is located in between 
the surfactant molecules forming the micelle. Solubilization is a chain process 
involving the micelle diffusion into the surface of the soil, adsorption at the 
soil/water interface, mixing of soil with adsorbed surfactant molecule, 
desorption of surfactant micelle from the soil surface and the diffusion of the 
micelle into the bulk of the water solution (Kissa 1987b). Under practical 
laundering conditions, solubilization depends on the surfactant concentration, 
the temperature of water and the presence of electrolytes in the wash liquor.
Some studies on solubilization have been reported by Ginn et al.(1961a). The
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study was on the removal of radiotagged and non-radiotagged triolein and 
tristearin by nonionic and ionic detergents with the aim of explaining the 
solubilization mechanism of fatty soils. Some of results of the study showed 
that solubilization was time-temperature dependent and the concentration of the 
surfactant was a secondary factor. Solubilization showed a sharp increase as 
the cloud point (65°C) was approached but a further raise in temperature proved 
detrimental to the process. The cloud point was associated with maximum micelle 
concentration which is a necessary condition in solubilization and was true for 
nonionic detergents only. Solubilization rate occurred rapidly within the first 
fifteen minutes of agitation, with 40-60% of maximum solubilization occurring 
in 10 minutes while true equilibrium occurred only after 24 hours or more. 
Nonionics detergents were found more effective than anionics which showed a 
negligible solubilization of fatty soil because anionic molecules constituting 
micelles have estimated colloidal ion lengths of 20-25 angstroms compared to 26 
for triolein the soil molecule. The lengths of 10 nonionics were estimated at 
49-56 angstroms. These findings were the basis of the conclusion that high 
detergency may depend on micellar surfactant being much longer than the soil 
molecule. It was also observed that sodium tripolphosphate failed to exhibit 
effective fatty acid removal but when combined with sodium dodecyl 
(tetrapropylene) benzene sulfonate (NaDDBS), solubilization was increased four 
times which could be attributed to the considerable increase in micelle 
aggregation size through builder action.
Ginn and Harris (1961b) reported a study on the correlation between critical 
micelle concentration, fatty soil removal and solubilization of radiotagged 
triglycerides soil from glass and metal substrates. A plot of the relationship 
between percent surfactant concentration and percent soil removal for anionic
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surfactants showed a great variability. Some detergents had critical micelle 
concentrations that approached the maximum value for soil removal while others 
achieved the critical micelle concentration at the point where detergency begun 
as the case was for nonionics. From these data, it was concluded that soil 
removal began in the region of critical micelle concentration which has been 
estimated at a concentration of 0.01 - 0.0001M while maximum detergency 
occurred at concentrations in excess of critical micelle concentration region.
A soil removal of 90% for all detergents required at least twice the critical 
micelle concentration and for best results 6-10 times. Analysis of data to 
correlate solubilization to soil removal by nonionic detergents revealed that 
solubilization and soil removal begun in the same concentration region and 
increased progressively with surfactant concentration. A comparison of the 
removal of tristearin by various surfactants confirmed previous findings by 
Ginn et al. (1961a) that nonionic surfactants were more effective solubilizers 
and gave the highest soil removal with solubilization occurring at 
concentrations far in excess of the critical micelle concentration. Because the 
anionic detergents tested did not contribute significantly to solubilization, 
the authors concluded that displacement and emulsification were probably the 
mechanisms in which these surfactants contributed to soil removal.
Powe (1963) studied the factors in the removal of fatty soil from cotton in 
aqueous anionic and nonionic detergent systems. Sebum the most abundant fatty 
soil in home laundering was extracted from T-shirts soiled through in-service 
wear and it’s removal from fabric samples was compared to that of lanolin, lard 
and hydrocarbon soils. After laundering, the swatches were extracted and the 
recovered soil was weighed. Soil removal was calculated as the difference in 
the amount of soil applied and the amount recovered after extraction. The
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results of the effect of detergent type and concentration showed a significant 
difference in the abilities of the various detergents to remove sebum from 
cotton. The poorer detergents did not show any effective soil removal at a 
concentration above 0.2% while the better ones such as lauryl sulfate and 
nonylpheno1+1OEO (Powe, 1963) were the most effective at 0.1% concentration and 
above. Maximum soil removal was also observed to occur at 120°F in five minutes 
or less. The dependence on detergent concentration, time and temperature for 
the removal of fatty soil was a proof that soil removal depended on the 
achievement of critical micelle concentration.
2.1.3.1.3 Emulsification
Emulsification is another mechanism in which oily/fatty soil interact with 
detergents at soil/water interface, or in the bulk of the solution. 
Emulsification occurs due to the alkaline nature of the washing liquor which 
converts free fatty acids in oily soil into soluble sodium soaps.
Wagg and Fairchild (1958) reported a microscopic study on the removal of 
various soils from wool, cotton, cellulose acetate, viscose rayon, nylon, silk, 
terylene and flax and the effect of variation of additive, detergent, pH and 
temperature. Some of the observations were that the addition of alkaline 
compounds in this case sodium metasilicate and sodium sesquicarbonate caused 
the removal of soil which was not removed by the roll-up mechanism. The removal 
occurred through the formation of complexes with the fatty acid which was more 
marked for sodium metasilicate than sodium sesquicarbonate. Saponification of 
fatty glycerides was negligible hence it was concluded that saponification was 
not an important mechanism and the removal of soil was by the roll-up 
mechanism. Stevenson (1953) also described the process of emulsification of
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natural dirt on a glass surface by a 0.1% of sodium carbonate solution. In this 
study spontaneous emulsification was induced by the formation of soap the 
emulsifier, at the interface. It was observed that when natural soiling matter 
or mixtures of mineral oil and fatty acid were brought into contact with sodium 
oleate, the oil was first covered by a semi-solid film around which a dense 
cloud of small emulsion droplets formed. The cloud of emulsion drops diffused 
slowly from the parent drop and it appeared that the emulsion was held in a 
gelatinous complex formed during emulsification. This complex hindered the free 
movement of the droplets but as the droplets broke free from the complex, they 
were observed to rise more quickly as spherical droplets.
Lawrence (1959) in a study of the fatty soil removal has also shown the 
importance of complex formation between the oils and surfactant in soil 
removal. Detergency was observed to be a spontaneous action of a detergent 
penetrating and peptizing dirt and forming complexes. Penetration was dependent 
on temperature and not the concentration of the detergent because it occurred 
at as dilute concentrations as 0.1%. From these studies, emulsification has 
been shown to involve the penetration or break up of soil and that it may 
accompany the roll up process.
2.1.3.2 The mechanism of particulate soil removal
The removal of particulate soil as shown in Figure 4, involves the 
penetration of liquid between the soil and the substrate with a resultant 
wetting and adsorption of the surfactant in the distance between the soil and 
the substrate and the transport of the particle outside the interacting van der 
waal forces. The work to be done is the sum of these two forces less the sum of 
wetting tensions of the surface involved. The removal of particulate soil is
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dependent on the surface contact between soil and substrate and the deformation 
of this surface results in increased contact of soil and substrate which makes 
the removal of soil more difficult.
FIBER SOIL
FIG. 4: A stepwise removal of a soil particle from a substrate in water and
the corresponding energy levels. From " Kinetics and mechanisms of •••■..- • 
soiling and detergency by Kissa, E. (1987). In W.G. Cutler & E. Kissa 
(Ed.), Detergency Theory and Technology (p.198). New York: Dekker.
The importance of these soil removal mechanisms in a detergency process will 
be determined by the type of soil, detergent, and the general laundering 
conditions.
Detergency
Detergency can be defined as the removal of unwanted substances from a solid 
surface brought into contact with a liquid. These surfaces include textile 
fabrics. Detergency depends on several factors such as the detergent type, 
mechanical action during laundering and the type of substrate or fabric (Kissa,
1987b).
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2.1.4.1 The mechanism of detergency
The detergency mechanism has been attributed to several factors. One 
mechanism of detergency has been explained in terms of the lowering of 
interfacial energies between soil and the fabric and that between water and the 
soil, aided by the presence of surfactants. From the thermodynamic or 
energetics point of view as reviewed by Kissa (1987b) and Smith and Sherman 
(1969) interfacial energy changes are necessary for a spontaneous detergency 
process. The sum of interfacial energies G1 of oily soil on a fabric surrounded 
by water for a closed system at constant pressure and temperature is the sum of 
the interfacial area between soil and fiber and that between water and oil, and 
the surface tension or energy per unit area for both systems.
Gi = afo yF0 + aow yQW
Where Apg is the interfacial area between soil and fiber, Agy the 
interfacial surface area between water and soil resting on the fiber, X is the 
surface tension and F,0 and W represent fiber, oily soil, and water in that 
order.
The sum of interfacial energies after laundering G2 is given by
g 2 = AFWyFW + A0y0W
Where Aq is the area under the oil droplet in water.
Spontaneous removal can only occur if the difference in energy between 
system Gx and G2 is negative. Also the area under the oil droplet should be low 
because the rolling mechanism assumes a spherical shape. The work done to 
transport water into the fabric through the capillaries and also to transport 
soil from the fabric into the bulk solution should be considered in the 
energetics of liquid oily soil removal. The hydrophilicity or hydrophobicity of 
the fabric, fabric construction and the time needed for this exchange may limit
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the lowering of these interfacial forces. Hence, free surface energy can 
predict whether oil removal can be spontaneous but energetics cannot determine 
the time needed for soil removal.
Solid soil removal involves the breaking of the adhesive bond between the 
soil particle and the fiber surface and the wetting of the separated surfaces. 
The changes in this system can be represented as follows:
ag = afsjtfs - afs*sw - afs*fw = AFS(rFS - yFW - rsw)
Where S represents soil, and Apg is the contact area between the soil and 
fiber. The interfacial tension and Z§y are affected by surfactants and
other substances dissolved in water while tfpg depends only on the fiber and the 
soil.
Research on the kinetics of soil removal was carried out by Kissa (1971a), 
using varying amounts of soil, wash temperatures, agitation and viscosity of 
oil in contact with an aqueous detergent. Some of the fabrics used included 
cotton, polyester-cotton, nylon 66, and polyester-cotton with durable press 
finish. It was observed that all fabrics released soil so rapidly that at the 
end of one minute most soil had been removed but polyester-cotton blend with a 
durable press finish took the longest amount of time. The soil release rate of 
different fabrics increased in the order of the diffusion rates of water into 
the soiled fabric which depended on the construction and hydrophobicity of the 
fabric and the nature of the soil. For this reason, cellulosic fabrics and 
blends had a lower soil retention than synthetics. It was also observed that 
the important property of oil affecting its removal from the fabric was its 
viscosity and when an emulsion was formed the important factor was not the 
intrinsic viscosity of the oil, but of the emulsion into water or the detergent 
solution. Temperature facilitated the removal of this soil by decreasing the
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viscosity of the oil. As shown in Figure 5, the detergency of liquid 
hydrophobic soil was found to be a rate process involving three steps: (1) an 
induction period during which soil removal is slow followed by (2) a rapid soil 
removal period during which the amount of soil retained decreases linearly with 
the logarithm of washing time and (3) a final period during which soil removal 
is essentially constant. The findings of a limiting level of soil removal were 
contrary to Loeb et al. (1964) who observed that soil removal did not reach a 
limiting level and even after 350 minutes of washing, soil removal could still 
be observed. According to the findings from this research, soil removal was 
related to the diffusion rate of water into the fabric and not the rate at 
which liquid front of an hydrophilic liquid advanced on the soiled fabric.
WASHING TIME
FIG. 5: A representation of the three stages in hydrophobic soil removal.
From "Comments on soil release mechanism of acrylic polymers” by E. 
Kissa, 1973b, Textile Chem. & Color. _5, p.44.
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Lawrence (1959) also observed that diffusion was an important factor in the 
removal of polar dirt. In his view, soap used in the laundering process made 
all insoluble and partly insoluble organic compounds soluble therefore 
diffusion was a more important factor in soil removal and the process of polar 
soil removal had nothing to do with surface forces. He observed that soil 
redeposition in fabrics resulted from the fact that in the rinsing of garments 
soap is removed therefore it is dirt which replaces the soap.
Apart from the energetics point of view, detergent action has been described 
in terms of contact angles. This views the detergency process as an inert 
process where the approach of an hydrophilic liquid on the soiled fabric is 
important in the cleaning process.
Saito et al. (1985) carried out studies to determine soilability and 
washability of fabrics made from cellulose, diacetate, triacetate and polyester 
fibers soiled with fatty oil. These studies were based on the analysis of the 
detergency process as affected by surface energy of the system. The work of 
removal and adhesion was determined from calculations of the surface tensions 
of the film and dirt through the measurement of contact angles. The findings 
from this study showed that the work of removal from polyester fabrics was 
higher than that of cotton. The work of removal from polyester was estimated at 
23 erg/cm2 compared to cellulose which was estimated at under 11 ergs/cm2. This 
suggested that it was easier to remove oily soil from cotton than from 
polyester. Also the work of removal was lower for fatty oils at the solid state 
than the liquid state. The work of adhesion which was defined as that which 
produced a dirt/substrate interface from substrate/air and dirt/air interface 
showed a high correlation with the washability of the fabrics.
Meader et al. (1952) examined the role of adsorption in the detergent
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process. Adsorption of sodium alkyl aryl sulfonate an anionic soap and sodium 
palmitate by wool cloth and cotton was measured under varying conditions. These 
measurements were compared with detergency under similar conditions using 
radiotracer techniques. Adsorption isotherms showed that at 21°C the curve for 
sodium sulfate showed a pronounced maximum concentration which was followed by 
a steady decline. An increase in sulfate concentration caused an increase in 
adsorption and the rate of adsorption increased with a rise in temperature. An 
increase in phosphate concentration also raised the level of adsorption but at 
higher temperatures of about 60°C, adsorption decreased. Water hardness of 200 
ppm calcium carbonate and 100 ppm of magnesium carbonate did not cause a 
significant amount of precipitate in the presence of phosphate because tetra 
sodium pyrophosphate in hard water had the effect of softening the water by 
sequestering the calcium and magnesium ions. Adsorption was shown to be related 
to detergency. Wool showed a higher adsorption of both sodium palmitate and 
synthetic detergent than cotton. Cotton stopped absorption after a few hours 
but wool continued to absorb which was an indication of two different 
adsorption processes. The first step in this process was physical, resulting in 
a rapid physical adsorption of cotton and wool, followed by chemisorption which 
was slow at low temperatures but increased at a higher temperature.
Harris (1948) in a review on the adsorption process in detergency, showed 
that the important characteristics likely to affect the adsorption of surface 
active agents by fibers were the degree of activity of the surface active 
agents, their degree of solubility, the critical concentration for micellar 
formation and the degree of ionization and electrophoretic charge. Textile 
fibers exhibit certain characteristics which affect the adsorption of surface 
active agents. These factors include the presence of chemically active groups,
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for example the hydroxyl groups in cotton and the cystine and salt linkages in 
proteineous substances which have both acidic and basic properties. The 
presence of an electrophoretic charge, which is negative on cotton and positive 
or negative in wool, play a significant role in the adsorption of surface 
active agents. Also, chemically reactive substances, either as a result of 
chemical action or of deposition by intent, contribute to adsorption by textile 
fibers. Micellar formation and electrophoretic charge according to the author 
were important in the adsorption process. Wool adsorbed surface active agents 
at some given pH with a definite number of R-NH3 ions, hence detergency can be 
observed to reduce at certain pH's. Cotton had a low adsorption of surface 
active agents with the exception of cationics because it did not possess 
chemically active groups as in wool.
Stewart et al. (1960) measured contact angle of various systems in order to 
predict detergency behavior. Contact angles were measured in the oil phase and 
in the aqueous phase of different fiber types in water, liquid paraffin and 
Lissapol N detergent. From calculations of the work of adhesion (i.e, the 
affinity of the oil for the fiber relative to the affinity of the water to the 
fiber), it was concluded that adhesion decreased in general as the fiber became 
more polar thus increasing the ease of detergency. This was because the forces 
between the fiber and the aqueous phase became stronger and tended to cancel 
the residual field of force of the water surface. The detergent increased the 
contact angle therefore decreasing the work of adhesion of the oil to the 
fiber. This was shown to be affected more by increased detergent concentration. 
The removal of oil as observed in the microscope was shown to be by the roll up 
mechanism rather than by work of adhesion which was true especially in 
assemblies of loose fibers. The variation in residual oil among fibers
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confirmed the important influence exerted by the nature of the textile in 
detergency. For non-polar oils and moderately polar oils and triglycerides, 
interfacial energies were of primary importance in their removal.
Durham et al. (1956) viewed the detergency system in terms of a colloidal 
lyophobic system in which there were both repulsive and attractive forces 
governing the behavior of the system. In this system, a charge was acquired by 
a substance in water or an aqueous solution due to ionization and adsorption. 
This sets up electrostatic forces between dispersed particles which in a 
homogeneous dispersion, will be repulsive. These repulsive and attractive 
forces interact and govern the behavior of a detergent system so that the 
stronger the repulsive forces, the better the detergency.
2.1.5 Variables influencing the detergency process
The mechanism of detergency in a given laundering condition will be 
influenced by a number of variables. Some of these include the type and the 
concentration of surfactant, wash temperature, the degree of water hardness, 
fiber type, fabric structure and the degree of mechanical agitation. A 
discussion of these factors is therefore presented.
Laundering detergents are one of the important variables influencing the 
soil removal process. The most important ingredient in a laundry detergent is 
the surfactant which is composed of both an hydrophilic and oleophilic groups. 
This property makes it active at air/water, fabric/water and soil/water 
interface. Surfactants can be classified as nonionic(unionized head group) or 
anionic (negatively charged headgroup). Each of these surfactants is 
characterized by distinct performance and physical properties.
Nonionic surfactants are prepared by adding ethylene oxide to alkyl phenols
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or to primary and secondary alcohols of varying chain lengths. The degree of 
performance is related to the type of group and the degree of ethylene oxide 
substitution. Nonionics are liquid at room temperature, the degree of 
substitution governs hydrophilicity and the hydrophilic/lipophilic balance 
(HLB). The degree of removal of certain soils can be optimized by selecting a 
specific hydrophobe and ethylene oxide chain length or by blending different 
surfactants. Nonionic surfactants exhibit good cool water solubility, low 
foaming power and are less sensitive to water hardness than anionics. Due to 
this they have become more popular because of their ability to remove oily soil 
from synthetic fabrics.
Anionics are mostly used in household detergent products. These are prepared 
from hydrocarbons or alcohols mainly by a process with oleum or air/S03 as 
sulfonating or sulfating agent which determines their performance and physical 
properties. Within this group, linear alkyl benzene sulfonate (LAS) is mostly 
used because of the good performance and safety. Others include alcohol sulfate 
and alcohol ethoxysulfate. Anionics are effective in removing soil from natural 
fibers and their performance is increased by temperature and the presence of 
certain builders. Anionics have better foaming properties than nonionics but 
they are more sensitive to water hardness although some like ethoxysulfate are 
less sensitive. Foam control agents are an important ingredient in anionic 
detergents. Foaming results from the adsorption of surfactant at the water 
interface lowering the interfacial tension between water or liquid and air 
interface. This is not desirable contrary to what most consumers think because 
it reduces the mechanical work to which the fabric is subjected in machine or 
hand-washing, while lowering the amount of detergent available for adsorption 
at the interface between water and oil or fabric (Gallante et al., 1981).
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Other ingredients in detergents include fluorescent whitening agents 
(Villaume, 1958; Stensby, 1968; & Zussman, 1963), bleaches, builders, fillers 
and anticaking agents. Laundering formulations include liquids, built or 
unbuilt, and powdered detergents which come as a combination of anionics and or 
nonionic surfactants and zeolite based powders (Greek et al. 1988).
The type of detergent is an important influence in laundering. It enhances 
the removal of soil by lowering the interfacial energy between the soil and 
fiber system, enhancing the wetting and removal of soil. Also by adsorption of 
the detergent on fiber, the removal of soil is made possible. Due to the 
variety of detergents and fibers used in clothing constructions, several 
studies have been carried out to determine factors affecting the efficiency of 
these detergents in the laundering process and the suitability of a detergent 
in laundering certain fiber types.
Bacon et al. (1948) carried out a study on the effect of various laundering 
conditions on cotton fabrics. These studies showed that detergent 
concentration, mechanical force and time were quantitatively related in to the 
removal of soil in a detergent process. Increase in soil removal with 
increasing concentration of detergent at constant force and time was not 
uniform and reached a maximum which was peculiar for each detergent. Also an 
increase in soil removal with increase in time was observed and this continued 
until the available soil was removed. As the detergent concentration was 
increased, the degree of soil removal increased up to a limiting concentration 
beyond which further increase in detergent concentration was without a 
measurable increase in soil removal. The quantity of detergent adsorbed 
determined at what concentration a curve levelled off while the quantity of the 
adsorption determined the maximum soil removal obtained. Wetting and adsorption
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occurred without mechanical action and the time and force required to give the 
same degree of soil removal with detergent was a measure of the relative 
efficiencies of the two detergents.
Wagg et al. (1962) studied the rate of removal of various fatty acid 
compounds by a variety of detergents at various laundering temperatures from 
cotton, cellulose acetate, terylene, wool, viscose rayon and nylon fibers. The 
results from this study showed that viscose rayon released stains more easily 
than all other fibers while cotton was the most difficult to release soil. On 
the average it was more difficult to remove fatty soil from cotton than from 
polyester and nylon. The removal of soil from all fabrics was more rapid at the 
initial stages of washing then it tapered off. Fort et al.(1966), used 
radiotracer techniques to study the desorption of a carbon 14 labeled fatty 
acid, fatty alcohol, hydrocarbon and triglyceride from cellulose, nylon, 
polyethylene terephthalate (PET) and tetrafloroethylene hexafloropropylene 
(TFPE) copolymer surface into aqueous solution of typical cationic and non- 
cationic detergents. The findings from this study indicated that agitation was 
more important in the laundering of hydrophobic polymers while there was no 
effect on cellulose. Fatty acids desorbed faster than all other soils and 
hydrocarbon had the lowest desorption rate. The amount of soil materials 
initially present was not important in desorption but the removal rate depended 
on temperature and detergent. The removal rate was highest for cellulose and 
this improved with a raise in temperature. When a very hot detergent solution 
was used, fatty soils diffused into the interior of fibers where it became 
inaccessible to the detergent, hindering the soil removal.
Grindstaff et al. (1967) carried out a study on anionic and nonionic 
surfactants to examine their efficiency in the desorption of labeled carbon-14
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soil from nylon, polyester and cellulosic fibers both in film and fabric forms. 
The effect of soil concentration on the surface, the type and concentration of 
the surfactant, wash temperature, the addition of bleach and the presence of 
fatty soil was also studied. Some of the conclusions made were that it was 
easier to remove particulate soil from cellulosic film than from nylon or 
polyester but for the fabrics, it was easier to remove soil from polyester and 
nylon than it was from the cellulosic fibers. This was attributed to the 
entrapment of soil in the crenulations on the cotton fiber. The type of 
detergent did not make a difference in the removal of particulate soil though 
the efficiency was improved by a high temperature. The hypochlorite bleach used 
increased the ability of the anionic detergent to remove soil but it had no 
effect on the nonionic detergent. The presence of oily soil did not decrease 
the rate of removal of particulate soil contrary to the findings of other 
researchers.
Gordon et al. (1967) compared the efficiency of a cold- water heavy duty 
liquid and a hot-water powder detergent with various surfactant formulations 
using radiotracer techniques. The comparison based on the efficiency in 
laundering cotton, polyester and cotton/polyester fabrics showed that nonionic 
detergents were more effective in cold water conditions for all fabrics and 
formulations based on primary alcohols were better than those based on 
secondary alcohol formulations. Tsuzuki et al. (1968) studied the factors in 
oleophilic stain release from various fiber types including viscose rayon, 
cupra-ammonium rayon, cotton and polyester of varying fabric constructions. 
Better oil stain release was observed for polyester than viscose or cotton 
which was explained in terms of surface irregularity of the fiber while 
hydrophobicity was not an important factor. Also, the character of fiber
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assembly was found to be significant. Electron micrographs revealed that oil 
was mostly deposited within the crenulations of the cotton fiber while for the 
polyester filament fabric, it remained hanging between fibers due to capillary 
attraction. Yarn cross section and crimp in yarn also seemed to contribute to 
soiling.
Bubl (1970) reported a study on the effect of detergent type and temperature 
on the removal of a clay and oily soil from a cotton fabric. The findings from 
this study revealed that temperature had more effect than the type of detergent 
on the removal of oily soil and it was easier to remove clay than oily soil.
The detergent normally used in hot water had better cleansing power than the 
cold water detergent. Follow-up studies were carried out by Morris (1970) to 
determine the effect of two detergents at two wash temperatures on clay and 
sebum soiled cotton fabrics. A subjective paired comparison of the different 
detergents showed that fabrics laundered at 60°C were whiter, softer and 
smoother than those laundered in unheated water. The type of detergent did not 
affect the softness or smoothness of the fabric.
Komeda et al. (1970) examined the effect of fabric factors, laundering 
temperatures, water hardness, detergent concentration and surfactant type on 
soil removal. Fabrics made form cotton, nylon, polyester and wool fibers were 
used in this study. An evaluation of reflectance measurements showed that the 
ease of removal of soil was determined mainly by the mutual interaction between 
fabric and soil. The concentration of the detergent was also found to be an 
important factor in soil removal.
Breen et al. (1984) investigated the effect of wash temperatures on the extent 
of oily soil penetration into durable press finished polyester-cotton fabrics 
at various wash temperatures using a variety of detergents. The total amount of
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residual oleic acid removed was determined by radiotracer analysis and X-ray 
microanalysis. The results of this experiment showed that at all wash 
temperatures, the two heavy-duty powdered detergents removed a larger amount of 
oleic acid than the unbuilt heavy-duty liquid detergents. The increase in 
temperature improved the soil removal for all the detergents especially for the 
unbuilt heavy-duty detergent. This improvement was due to the reduction of soil 
in the crenulations and in the interfiber spaces of the cotton fiber.
Webb et al. (1987) evaluated the efficiency of five commercial laundry 
detergents with a variety of surfactants and builder formulations in removing 
natural soil obtained from durable press finished polyester/cotton blend facial 
wipes. It was observed that the difference between products was in their 
removal of particulate soil from the yarn surface and this was related to the 
surfactant/builder system. The phosphate built anionic powdered detergent and 
the built liquid detergent were more effective than the unbuilt liquid 
detergent. The location of residual dirt for all detergent products was in the 
interfiber capillaries of yarn structure followed by the secondary walls, the 
lumen and the crenulation of cotton fibers. The presence of oil was not 
observed in the interior of polyester. Fiber surface retained less dirt when a 
powdered detergent rather than a liquid was used but there was no difference in 
detergents in effecting the removal of oil from the crenulations or secondary 
walls of cotton. The phosphate detergent with anionic surfactant had better 
cleaning properties than carbonate built detergent with non-ionic surfactant. 
These findings showed that the difference between products was small and the 
factors limiting the detergency of all the fabric structures were the same for 
all the detergents evaluated.
From the foregoing review, the detergent type, concentration, builder and
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surfactant system, wash temperature, soil type, fiber type and fabric 
construction, as well as mechanical agitation and laundering time play a 
significant role in determining the efficiency of soil removal from textile 
fibers and fabrics.
2.1.6 The Effect of laundering conditions on textiles
In the laundering process, fabrics are influenced in a variety of ways due 
to the laundering variables such as mechanical agitation, wash temperatures, 
and the type of detergent among others.
Rollins et al. (1970) carried out laundry tests to simulate the effect of 
wearing performance of garments and to assess the amount of abrasive damage on 
durable press cotton fabrics. A series of differently treated fabrics were made 
into simulated trouser cuffs and laundry tested. Some were washed and tumbled 
dried through 20 laundry cycles and others were line-dried. The findings from 
this study confirmed those of other researchers that laundering contributed 
significantly to abrasive damage. Drying caused fibrillation and fracture of 
fibers and the effect of line-drying was similar to washing and tumble drying. 
Handu et al. (1967) studied the chemical and mechanical damage on cotton 
broadcloth apparel fabric using a statistically designed service wear of shirts 
by 100 school boys, 8-10 years old. The shirts were subjected to repeated 
laundering after wear and tests were carried out to assess damage due to 
mechanical and chemical factors. The findings indicated that one third of the 
total mechanical damage occurred during laundering.
Brysson et al. (1971) studied the effect of calcium phosphate deposition 
during home laundering on cotton fabrics treated with flame retardant finish 
based either wholly or in part on the phosphorous containing compounds. The
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durability and effectiveness of flame retardant finishes to repeated home 
laundering was checked by interval testing for flame retardation. It was 
observed that several samples lost their flame retardance and burnt completely. 
It was concluded that multiple home laundry build up soaps or detergent films 
on fabrics even in moderate hard water (30 ppm calcium) which retards flame 
retardant finishes.
Goynes et al. (1971) studied the damage in both untreated and cross-linked 
cotton fabrics made into trouser cuffs. The cuffs were machine washed and or 
tumble-dried until damage occurred. Samples were then taken and prepared for 
scanning electron microscopy by cutting an area approximately 1 cm2 from the 
abraded fabric. From these studies the rate of abrasion in the untreated cuff 
was low compared to the cross-linked cuffs and the two most conspicuous points 
of damage in all samples were broken fiber and damage along the major axis of 
the fiber. Untreated cotton cuffs withstood 40 launderings without development 
of holes and breakage but the fiber surface had been abraded and it showed 
extensive fibrillation which were stringy and peeled. For all wet fabrics, 
fiber diameter was reduced by a stripping process characteristic of wet 
abrasion. Dryer abraded fibers were not fibrillar because as the moisture dried 
out of the fabric, the fibers collapsed and bonds become stronger therefore the 
fibrillar units were tightly bound increasing fiber stiffness which resulted in 
the cracking of fiber on stress application. Raheel (1983b, 1983c, 1985) in 
extensive studies on the effect of various kinds of chemical treatment on the 
mechanical and appearance properties of durable press finished cotton fabrics, 
confirmed the types of abrasion occurring in dry and wet conditions observed by 
Goynes et al. (1971).
Morris et al. (1982) studied the effect of detergents and build-up of
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deposits on fabric during repeated laundering. Abrasive damage and deposit 
build-up was studied by scanning electron microscope. It was concluded that 
laundering resulted in some edge abrasion of all cotton samples regardless of 
treatment used. The type of detergent or builder made no significant difference 
but soft water caused less abrasion than hard water. For carbonate detergent or 
builder, more severe abrasion was seen and this was due to calcium deposits. 
From atomic absorption microscopy, carbonates caused 3-4% build-up whereas 
phosphates caused 0.8%. Calcium was a more significant cause of build-up than 
magnesium which caused less than 0.1% build-up. It was observed from scanning 
electron microscopy studies that the kind of damage was fragmentation and 
cracking. After 40 launderings in hard water with carbonate detergent, heavy 
incrustation approximately 2 microns thick encircled the entire fiber and the 
surface appeared smooth. Hard water and phosphates had slight granular 
depositions on the surface. Depositions tended to be on the fiber in the 
interior portions of yarns rather than on the surface fibers. It was concluded 
that the major abrasive damage was due to deposits on the fabric.
Pope et al. (1969) examined yarn breakage as a function of laundering 
cycles. Full width specimen of fabrics and sewn cuffs were subjected to 
accelerated launderings and shrinkage tests were made after each laundering and 
at the end of 41 cycles, breaking strength, tearing strength and flex and flat 
abrasion resistance were evaluated on the fabric before laundry and at the end 
of the cycle. Visually, it was observed that there was an initial loss of color 
for all laundering cycles followed by a progressive loss for about 12 cycles 
after which no significant changes were observed. There was wrinkling in all 
fabrics with most yarn breakage occurring in cuffs. Shrinkage was rapid 
initially for all fabrics but it levelled with laundering time. Loss in tear
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resistance and breaking strength was significant for most fabrics with an 
average of 25% loss in breaking strength. Ulrich et al. (1982) used scanning 
electron microscopy to study the effect of laundering conditions on abrasion of 
mercerized durable press natural blend cotton/polyester. Varying amounts of 
phosphate, carbonate detergents and hard water (80-248 ppm) were used in the 
study. Their findings indicated that phosphates, carbonates and the hardness of 
water in repeated laundering caused abrasive damage due to mechanical action in 
laundry. Abrasion of fabrics laundered with phosphate and carbonate builders 
were characterized by peeling of slabs and chunks of fused fabric with little 
fibrillation.
Raheel et al. (1983a) studied the abrasion phenomenon in the laundering of 
fabrics treated with liquid ammonia and durable press finish later a two step 
caustic soda-liquid ammonia process was included (Raheel, 1983b, 1983c, 1985). 
The results obtained from electron microscopy and mechanical tests showed that 
laundering caused abrasion in fabrics to varying degrees depending upon the 
chemical treatments. Liquid ammonia and the two-step treatment improved the 
abrasion resistance of durable press treated fabrics. Abrasion during 
laundering occurred through mechanical agitation which caused stripping of the 
fiber surface and fibril separation.
3 MEASUREMENT OF SOILING AND SOIL REMOVAL
From the literature reviewed, soiling and soil removal can be evaluated 
using a variety of methods. These methods include visual, chemical radioactive 
methods and spectrophotometry. The choice of a method of evaluation is 
determined by the kind of study planned and the availability of the equipment.
57
3.1 Visual methods
Visual assessment is a subjective qualitative measure of soiling and soil 
removal. It is based on the comparison of a test fabric with a standard or 
reference sample. The AATCC method 61-1986, refers to the evaluation of color 
change and staining of laundered samples using a gray scale as the reference. 
The original fashion of the gray scale consisted only of five pairs of chips 
which illustrated a visual difference or contrast and varied only in value or 
lightness as defined by the Adam-Nickerson color difference formula. The color 
difference for each of the five steps is expressed in Adam-Nickerson units. To 
increase the accuracy of visual assessment, nine step Gray scales which consist 
of five pairs of chips identical to the five scale chips plus four more pairs 
of chips representing intermediate steps between the five whole steps was 
introduced in 1974. The nine step scales have received international 
recognition and usage for obtaining satisfactory visual assessment of color 
change and staining. The use of these scales permit more accurate evaluation as 
well as a higher probability of agreement among observers than the five step 
method (Hoban, 1974). In visual assessment, a sample is compared to a gradation 
of scales ranging from 1-5, the highest number indicating absence or negligible 
color change or staining. The AATCC test method 130-1981, refers to the use of 
photographic standards to visually evaluate stain release. Standard stain 
replicas are compared to the experimental sample and rated accordingly.
The use of these two methods of visual evaluation has been reported by many 
researchers. Lewis (1968) reported the use of stain release replicas or 
photographs to compare the stain release characteristics of polyester, cotton 
and their blends. Morris (1970) also reported the use of a subjective method to 
study the effect of detergent type and water temperatures on the hand,
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appearance, strength and cost of cotton fabrics. The whiteness of the samples 
was evaluated using the Kandall method of paired comparison. Six pairs of 
samples were presented one pair at a time to an observer and their preference 
for one member of the pair was recorded. Samples were presented in the same 
order to other observers and their preferences recorded. The use of this method 
requires that samples be placed side by side on the same plane, oriented in the 
same direction on a surrounding field of uniform gray paper in an area 
illuminated by north sky light. The average of the observers preferences for a 
sample was used as an evaluation tool. The validity of the subjective method 
was compared to instrumental measurements and a high correlation was found 
between the visual evaluation for whiteness and values from instrumental 
measurement at low laundering cycles. As the number of launderings increased, 
the difference in apparent whiteness became less apparent, an indication of the 
limits of visual evaluation in detecting slight color changes.
The visual method is used to advantage when reflectance measurements are 
complicated by a high texture, patterned fabrics, uneven distribution of soil 
on the fabric, and when the soiled area in a sample is small as in naturally 
soiled fabrics. Furthermore visual evaluation is the prevalent method used by 
consumers to assess the cleanliness of laundered garments. Despite these 
advantages, the shortcomings of the visual method is the observers’ difficulty 
in remembering color and whiteness as samples shift places, and the inability 
to see colorless fatty acids on a white fabric or to recognize small color 
differences in soiling. The viewing conditions must be controlled and kept 
constant. All these factors contribute to observer bias, hence to the 
unreliability of this method. Irrespective of the shortcomings, the visual 
method is still used by many researches to complement other methods of
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evaluation.
3.2 Spectrophotometry
Light falling on an object is either reflected, absorbed, re-emitted as 
fluorescence or transmitted. Spectrophotometry involves the measurement of 
reflected and transmitted light with reflectance being the most common method 
used. As compared to visual assessment, reflectance or transmission 
measurements can detect small differences in graying and yellowing and provide 
a permanent record of cumulative soiling during a series of multiple soiling 
and washing cycles. The instruments used in reflectance measurements include 
spectrophotometers which measure reflectance or transmission one wavelength at 
a time. The wavelength distributions of light are responsible for color 
appearance. When spectrophotometers are used to measure spectral distribution 
of light by objects, it gives percent reflectance or transmittance through the 
visible spectrum relative to a particular reference. Tristimulus instruments on 
the other hand are designed to correspond to the spectral distribution of light 
in the same manner as the human eye. This is accomplished by adjusting the 
spectral response of the photodetectors using filters so that they are 
spectrally equivalent to the CIE standard observer (Hunter and Harold, 1987).
Utermohlen and Ryan (1949) reported a study on the methods of evaluation 
employed to measure the effect of washing procedures on soiled cotton cloth. 
They compared experimentally the validity of reflectance measurements (Linear 
proportionality to surface reflectance of the cloth), analytical method and the 
Kubelka-Munk equation in predicting absolute soil removal values.
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These methods employ the following formulae to convert the measured 
reflectance values to absolute soil removal values:
R for washed fabric - R for soiled fabric
% soil = ---------— -------------------------------  x 100
removal R for unsoiled fabric - R for soiled fabric
Where R = % reflectance.
This formula is used for the linear proportionality method.
The Kubelka-Munk equation is related to reflectance as follows:
K/S = (1-R)2
2R
K/S for soiled fabric - K/S for washed fabric
% black = ---------------------------------------------- x 100
pigment removed K/S for soiled fabric - K/S for unsoiled fabric
Where R is the reflectance of either soiled, unsoiled or washed fabrics , K is 
the absorption coefficient, and S the scattering coefficient.
The analytical measured values of percent soil removal was calculated using:
P for soiled fabric - P for washed fabric
% Black = -------------------------------------------  xl00
pigment removed P for soiled fabric -P for unsoiled fabric
P is the relative amount of pigment present as determined by analysis.
This equation can be used to compare the content values from the linear method 
by substituting R for P in the equation.
Observations from the study showed that reflectance measurements failed to 
represent the true soil content values, because the amount of pigment present 
was not directly proportional to the reflectance readings such that even when
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the pigment content was reduced, there was no significant change in 
reflectance. The values calculated from the Kubelka-Munk equation were also 
higher than those by chemical analysis, meaning that the cloth surface appeared 
cleaner than the total soil content would indicate. This was attributed to the 
agglomeration or penetration into cotton fiber of lampblack due to the use of 
synthetic detergents. Similar observation on the failure of reflectance values 
to give a true indication of soil content due to agglomeration or nonuniform 
distribution of soil have also been made by Kissa (1971b). Despite the higher 
values due to the Kubelka-Munk calculations, Utermohlen and Ryan (1949) found 
that there was an agreement to a large extent between the values obtained from 
the Kubelka-Munk calculation and those from the chemical analyses method while 
values from the linear method showed no relationship to either. Thus 
reflectance measurements may be preferable only if surface appearance alone can 
be accepted as the criterion of the extent of cleaning and when relative rather 
than absolute soil removal values are being measured. To measure soil content 
values of washed samples accurately, chemical method was found to be more 
reliable.
Lambert and Sanders (1950) studied the limiting effects of using single wash 
cycles and reflectance measurements to determine soil removal from fabrics. The 
Kubelka-Munk equation was used to determine the soil content from reflectance 
measurements. Through experimental and theoretical calculations, it was found 
that the sensitivity of the reflectance as a measure of the quantity of soil on 
cloth depended on the level at which the test was done. This was evidenced by 
the fact that a plus or minus one reflectance unit at a lower reflecting end of 
a scale corresponded to about 5% more or less soil on the cloth, whereas plus 
or minus one reflectance units near the higher reflecting level of the fabric
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corresponded to only 0.3% more or less soil. These findings showed that all 
things being equal, the reproducibility of reflectance readings on soiled 
fabric was inversely related to the reflectance level, hence a dark swatch 
would give a false impression of reproducibility. Multiple wash cycles were 
also suggested in detergency evaluation because they gave more consistent 
results than single cycles due to the fact that more of the ingrained soil was 
removed. Furthermore cotton in normal use is subjected to multiple wash cycles 
hence this approximates consumer practices.
Kissa (1971c) reported the inability of the reflectance value to indicate 
the actual soil content of a fabrics at higher soiling levels. In this study, 
colorless and dyed oil were used to soil fabrics samples at various 
concentrations. At low soiling levels the reflectance values were found to have 
a linear relationship with the concentration of oil but at higher soiling 
levels, soiling values ceased to increase noticeably. This finding was 
attributed to the uneven distribution of soil hence the Kubelka Munk equation 
which assumes a homogeneous sample was not applicable in that particular 
circumstance. A plot of soiling values against the soil concentration in the 
fabric indicated that the dyed oil and fabric showed a higher sensitivity than 
undyed oil or fabric, hence, a combination of dyed fabric and oil gave a better 
sensitivity which in essence is a drawback if one is dealing with undyed 
fabrics or oil.
Although reflectance values have no significant correlation with other 
evaluation methods of soiling and soil removal, it has a high correlation with 
the visual effect of soiling. Furry et al. (1959) studied the relationship 
between instrumentally and visually derived color difference measurements. Five 
observers viewed samples individually on a clear north daylight and under a
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daylight lamp with added ultraviolet light without the effect of natural or 
artificial light. Observers arranged samples in order of whiteness according to 
their best judgement. These rankings were then compared with objective 
quantitative data with ultraviolet light included for yellow-blue (b) and blue 
reflectance values for same swatches. The observers were able to distinguish 
between fabric swatches differing in b values by > 0.9, or approximately one 
NBS unit. Fabric swatches differing in blue reflectance by ^ 2.2 were also 
distinguished by observers. A closer relationship was found between visual 
judgement and yellow-blue (b) values ultraviolet light excluded than between 
visual judgement and blue reflectance plus ultraviolet light. In this situation 
although some samples were lighter or darker, only the yellow -blueness was 
considered by observers illustrating a common error of visual judgement. These 
findings indicate that for evaluation of color change or color correction by 
bluing or fluorescence instrumental measurements are important.
Nieuwenhuis (1968) devised a method to investigate the whiteness and 
fluorescence of fabrics. Comparisons were made between the reflectance readings 
attained from this method and visual evaluation. Ranking orders for increasing 
whiteness of a large series of fabrics containing different bluing and optical 
whites were determined by panels of 10-27 observers. All fabrics of one series 
were compared in pairs. A comparison of these visual assessment with 
instrumental values showed an excellent agreement. Other studies to assess the 
agreement between visual and instrumental measurements have been carried out by 
Morris (1970) and Bubl (1970). Warfield and Hardin (1981) reported a study on 
evaluation of the ability of trained observers to visually detect small uniform 
differences in fabric reflectance values. Three cotton/polyester blend fabrics 
with or without finishes were soiled in the laboratory and laundered under
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varying conditions. Fabric reflectance was determined using a Hunter Lab D-40 
reflectometer. Trained observers were then asked to visually rank specimens 
that differed from each other in small uniform increments of reflectance. A 
significant rank-order correlation coefficient analysis indicated that 
observers were able to detect differences as small as 1.0 ± 0.1 reflectance 
units. This was found to translate to a detectable difference of 1.1% units in 
soil pickup and 3.5% in soil removal. Raheel (1988) reported a subjective and 
instrumental evaluation of the effects of fluorescent whitening agents in 
detergents on cotton fabrics. In this study, visual rankings were made on a 
clear day, in northern daylight using the AATCC Gray scale for reference. A 
comparison of these rankings with instrumental measurements for relative 
whiteness and total color difference showed a high correlation coefficient of 
0.84 while the instrumentally computed numerical color differences between 
yellow and red fabrics were not perceptible to many observers. It was also 
observed that observers found difficulty in distinguishing changes in 
yellowness and blueness in dyed fabrics hence lightness or darkness rather than 
yelloweness/blueness were considered.
Since reflectance values are not linearly related to the soil content of a 
fabric mathematical formulae have been developed to compensate for this 
problem. The widely used formula is the Kubelka-Munk equation which is of the 
form:
K/S =(1-R)2/2R
Where S - scattering coefficient.
K - absorption coefficient.
R - reflectance expressed as the decimal fraction of the surface 
illuminated with monochromatic light.
The equation is used to calculate soiling values that represent visual and 
actual soil content of the fabric within a limit by correcting the K/S values
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of the soiled fabric for the K/S values of the unsoiled fabric (Kissa 1987a). 
Reflectance is measured before soiling, after soiling and after washing. These 
data are then converted by the use of the equation to the soiling values of the 
soiled and washed fabric. As indicated earlier, for this equation to hold, 
certain conditions have to be adhered to. These include homogeneity of the 
sample, monochromatic illumination, non agglomeration of soil and either 
optically isotropic nature or random oriented of soil.
The use of a second type of equation has been reported by Komeda et 
al.(1970) among other researchers. In this equation the apparent soil pickup or 
removal can be calculated using the equations:
% soil pickup = RQ - Rg
% soil removal = R^  ^- Rg 
Ro ” Rs
Where R^ is the reflectance of unsoiled fabric, RQ reflectance of soiled 
fabric and Rw is the reflectance of fabric after laundering.
A third method was reported by Lord and Rees (1950) in a study of static 
electricity development in garment during wear. Average reflectance values were 
calculated and the extent of soiling was expressed in terms of "soiling 
additional density" (S.A.D), where:
S.A.D = Log^o R0/Rs
RQ being the reflection factor of the unsoiled and Rs the reflection factor
of the soiled sample. According to this study, individuals do not normally
#
tolerate a soiling level greater than that represented by an S.A.D value of 
about 0.01. Byrne (1972) also reported the used of the same method in a study 
on wet-soiling of textiles.
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Other innovative method have been used by researchers to calculate the 
actual soil pickup and removal but the Kubelka-Munk equation is the most common 
method because it is possible to get linear relationship between reflectance 
and soil pickup or removal as compared to the other methods.
3.3 Radioisotope techniques
The use of radiotracers in detersive systems enables one to trace molecules 
in a physical process that does not alter the structure of the molecule. This 
is because most detergency studies do not result in chemical reaction which 
would modify the position of the tracer structurally or result in a chemical 
reaction between the tracer and the substance to be labeled. Furthermore the 
decay of radiochemicals is not affected by environmental factors such as 
temperature, pressure or other conditions important for a chemical reaction. 
Radiotracers can be used to label surfactant therefore making it possible to 
follow it in a system. It can also be used as a soil in the detergency process. 
The techniques of detecting radiotracers have been discussed in detail by Shebs 
(1987). The detection of radiation in tracer experiments involves four 
techniques. One of this is through the ionization of gas as the radiation 
interacts with a gas filled chamber followed by the amplification and 
collection of ions generated. This principle is applied in the Geiger Muller 
instrument. The second method is fluorescence, in this technique,a fluorescent 
molecule excited by radiation emits pulses of light while returning to ground 
state which are then detected by liquid scintillation counting (LSC) and Solid 
scintillation counting using a single crystal of sodium iodide activated with 
Thallium (Nal (TI)). Photochemical detection is the third technique where a 
photographic film is exposed to radiation and the darkening of film is
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quantitatively related to the amount of radiation absorbed. Semiconductor 
detectors can also be used to collect free electrons when radiation generates 
electrons and holes in a semiconductor such as Lithium drifted germanium 
detector or intrinsic germanium detector (HpGe).
Radiotracers emit two types of radiation of interest in detergency studies. 
These include beta and gamma particles. Beta particles are high speed electrons 
emitted from nucleus in radioactive decay which on encounter with an atom, may 
interact with the orbitals of the atom causing one or more of the electrons to 
be removed. Some of its energy is transferred to the ejected electrons and some 
to the atom in the form of recoil kinetic energy. This interaction will 
continue until all of the energy of a beta particle has been absorbed. This 
process produces many ion pairs in the absorbing medium which are the basis for 
beta-particle detection. Beta particles can also generate X-rays during the 
dissipation of energy. Some of the beta emitters used in detergency include 3H, 
1UC, 35S, 45Ca, 36C1, and 32P. These can be detected by ionization techniques 
using the Geiger Muller or liquid scintillation. The second type of emission 
are gamma rays. These are high energy photons emitted by nuclei as a 
consequence of radioactive decay. Several gamma rays may be emitted by a 
nucleus but each has a characteristic discrete energy rather than a continuum 
of energies exhibited by beta-particles. Gamma rays have a higher penetrating 
power therefore Geiger Muller tubes are inefficient detectors of gamma of 100 
KeV and greater. The best method of detection of gamma rays is sodium iodide 
crystal activated with thallium 0.1%, complexed to a photomultiplier tube. In 
detergency studies, most of the radioactive elements used are beta particle 
emitters and since they are low energy particles, caution should be taken in 
the measurement to obtain a reliable count since they can easily be absorbed by
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the end windows in the Geiger Muller counters.
The use of radiotracers to label both surfactants and organic soil has been 
reported by many researchers. The use of labeled organic soil for detergency 
testing provides both accuracy and specificity unsurpassed by other methods. 
This is due to the fact that soil used in the soiling process while impossible 
to isolate from similar soils originally present in the fabric, can easily be 
identified when labeled. Also labeled particulate soil makes it possible to 
measure the soil without regard of its color which poses problems for example 
in spectrophotometry. It is also possible to approximate natural particulate 
soils using radiotracers.
Wagg and Britt (1962) carried out comprehensive radiotracer studies on the 
rate of removal of a variety of fatty compounds using chopped fibers from 
cotton, terylene, viscose rayon, wool and secondary cellulose acetate. Some of 
the findings from this study indicated that the relative removal of the 
different fatty acids did not depend on the nature of the fiber though it was 
found more difficult to remove fatty compounds from cotton than from nylon and 
terylene whereas the reverse was true for the removal of graphite.
Gordon et al. (1967a) carried out a comparative study of a series of 
commercial detergents using a doubly labeled multicomponent synthetic soil. 
Tritium was used to label the fatty or oily component and the polar components 
were tagged with carbon-14. Samples were directly immersed in toluene-based 
liquid scintillator and analyses of both tritium and carbon by beta-ray 
spectrometry in a liquid scintillating counter was carried out. A similar study 
by the same authors (1967b) also indicated the use of the same procedure to 
study the total soil removal by various detergents and the selectivity of the 
removal of various components. Due to variation of soil concentration within
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and between swatches observed in previous studies, Shebs et al. (1968) found 
that considerable replication was required to lower the standard deviation to ± 
10%. A method was then developed for analysis of wash water to reduce 
replication and increase precision. This method used an inhomogeneous 
scintillator which could emulsify or suspend large volumes of water in a liquid 
scintillator while maintaining a high counting efficiency. Results gave a 
precision of 1.5-5% which was an improvement from that of counting the fabric.
Grindstaff et al. (1967) carried out a study on the removal of carbon-14 
labeled particulate soil by nonionic and anionic surfactants from various 
polymer films and fabrics and the effect of the presence of fatty soil. Both 
sides of the fabric were counted using a gas flow Geiger tube prior to washing 
and the average activity was calculated. The average activity after washing was 
divided by the average activity before washing to determine the fraction of 
labeled carbon removed. Some of the conclusions from this study indicated that 
the presence of fatty soil did not significantly decrease the extent of removal 
of fatty acid. It was easier to remove particulate soil from cellulose film 
compared to the other films while the opposite was true for the fabric 
substrate. This observation was attributed to greater entrapment of carbon by 
ribbon-like cotton fibers as compared to the cylindrical man-made fibers. There 
was no significant difference between the effectiveness of both nonionic and 
anionic surfactants in removing particulate soil. Fort et al. (1968) reported a 
study on the desorption of carbon-14 labeled organic soils and hydrophobic 
particulate carbon from cellulose, nylon and polyethylene terepthalate films 
into aqueous solutions of cationic, anionic and nonionic detergents. The amount 
of sorbed material was monitored continuously using a Geiger counter. An 
excellent correlation was established between fatty soil removal from
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polyethylene terepthalate film and the fabric surfaces. According to the 
authors, the study of film substrates had a practical significance while at the 
same time it enabled the comparison of different polymers since fiber and 
fabric geometry did not influence the results.
Labhard and Morris (1970) reported a study on the effect of durable press 
finish on cotton and cotton/polyester blends using synthetic sebum labeled with 
carbon-14 glyceryl tristearate to detect residual soil. The relative amount of 
sebum remaining on the fabrics after laundering was determined by counting the 
activity of the extracted residual soil. The findings showed that untreated 
cotton had more residual tagged soils which contributed to more soil buildup 
and difficulty in removing soil from cotton than from durable-press fabrics or 
cotton /polyester fabrics. The removal of synthetic sebum was not complete but 
accumulated on all the fabrics through successive soiling-laundering cycles 
though this could not be detected from reflectance data.
A study on the yellowing of an unfinished poyester/cotton blend fabric due 
to particulate and fatty soils and fatty soil retention was carried out by 
Rounds et al. (1973). Soils were doubly-labeled using (3H) tritium isotope and 
(llfC) and applied to samples. Some of the findings from these studies showed 
that fatty soil retention was influenced more by unsaturation, polarity, and 
chain length. Clay soil alone contributed significantly to residual yellowing 
but additional yellowing occurred on samples soiled with clay, oleic acid and 
triolein. The researchers hypothesized that this was due to the embedding of 
pigmented particulate soil in a polymerized fatty film during the second clay 
soiling process.
Morris and Prato (1982) used radiotracer techniques in conjunction with X- 
ray fluorescence to study the effect of wash temperatures on the removal of
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particulate and oily soil from cotton and cotton/polyester blend fabrics. 
Doubly-labeled synthetic sebum and unlabeled sebum was used to soil the fabrics 
samples. The percentage of soil remaining after washing was used as a measure 
of soil removal. It was concluded from this study that clay and oily soil was 
better removed from cotton at a higher temperature while low temperatures were 
best in removing the nonpolar fraction (triolein) of oily soil from polyester. 
The use of phosphate-built detergents gave better results regardless of wash 
temperatures.
Apart from the use of labeled organic fatty acid, surfactants and soaps can 
also be labeled to make it possible to trace in the detergency process. Robinet 
and Rousell (1960) studied the removal of sodium palmitate labeled with and
2Z,-NA from wool. The results obtained from counts of precipitated labeled 
showed that soap concentration was an important factor because the higher the 
soap concentration, the lower the residual fatty acid. Fatty acid was found to 
be deposited in the form of a surface layer which exceeded a monolayer film and 
sodium retention increased with the original concentration of soap. Gordon and 
et al. (1966) studied the absorptivity and rinsability characteristics of 
linear primary alcohol sulfate and linear alkylbenzene sulfonate tagged with 
radioactive sulfur and tritium from cotton fabrics. The findings from this 
study showed that when scoured cotton was used as the substrate, linear primary 
alcohol sulfate left a lower residue than the sulfonate.
The use of labeled inorganic or particulate soil in detergency studies has 
been reported. Clay has been used as a model soil because it is a constituent 
of naturally occurring soils. Gordon and Shebs (1969) reported the use of Bandy 
black, a kaolinite-type clay made radioactive by nuclear reactor irradiation. 
This radioactive clay was used to soil cotton, nylon, polyester,
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polyester/cotton with/without permanent press finish. The clay was applied from 
an aqueous slurry and the amount deposited was controlled by varying the 
concentration in the slurry. Analysis of the ashed fabric showed that the 
deposited clay was depleted in silicon and that the quartz component in clay 
did not adhere to the fabric as strongly as clay minerals.
The review of the literature shows that radiotracer techniques find great 
use in detergency studies because of the accuracy and specificity afforded by 
this method. With the discovery of more radioactive compounds which can be 
conveniently used in detergency studies, radiotracer techniques will became a 
more popular research tool.
3.4 Surface analysis methods
Surface analysis in detergency makes it possible to study the effect of 
bleaching on fabrics, fluorescence deposition, fabric care and damage and 
machine corrosion and protection (Llenado 1987). There are two types of surface 
analysis techniques including ion and electron spectrometry. Ion spectrometry 
combines ion scattering (ISS) and secondary ion mass spectrometry (SIMS) and it 
is the most commonly used method. These techniques are useful in the study of 
soiling and fabric characterization. Ion scattering spectrometry provides 
atomic layer analysis by utilizing energy analysis of the backscattered beam 
ions to identify surface atoms that cause scattering. Electron spectrometry 
includes X-ray photodetection spectrometry (XPS or ESCA) and auger spectrometry 
(AES). ESCA measures electrons photoejected from surfaces which can 
characterize soiled surfaces to a depth of 20-50 microns and can detect 
virtually all elements including hydrogen and helium. ESCA is used in 
detergency studies to study fabric absorption and soiling, among others with
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the advantage that it has an analytical sensitivity of 0.1-1.0% of an adsorbed 
monolayer. It provides information on oxidation states and structural effects 
and can characterize different adsorbed species of the same molecule which is a 
desirable feature in detergency studies.
A combination of techniques using scanning electron microscopy with energy 
dispersive X- rays analysis is another commonly used technique. It provides 
information about soiling, fabric morphology and chemical information.
Some of the pioneer work using transmission electron microscopy has been 
reported by Powe (1959). This study was carried out to determine the identity 
and particle size of unremoved and redeposited material which contributed to 
progressive deterioration in the appearance of fabrics. Carbon replicas of 
laundered and drycleaned cotton fiber surfaces were studied. Carbon was used to 
coat the samples and the carbon casts were separated from the fiber by soaking 
the carbon cloth in a 50/50 by volume ethanol/water and then dipping in 
concentrated sulfuric acid. Clay minerals 0.02 - 1 microns in diameter were 
found to be the major particulate soil that contributed to buildup on textile 
fibers. This was explained in terms of the small size of clay which permits a 
large surface area for adsorption. The use of transmission microscopy for 
surface studies is limiting because it does not show clearly the condition of 
naturally occurring soil due to reduced depth of focus. Furthermore, samples 
have to be specially prepared for viewing. This limitation has been curbed by 
the use of scanning electron microscopy which has the advantages of a large 
depth of focus and samples can be observed directly without major preparative 
procedures.
Fort et al. (1966a) carried out observations on filaments cross sections and 
surfaces taken from fabrics of clean, use-soiled and laundry soiled cotton and
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polyester fabrics. In all cases studied, it was observed that a sheath of 
organic material spread over the fiber surface with particulate matter embedded 
in the sheath. Arai and Miruta (1968) reported the use of scanning microscopy 
in a study to determine the nature of adherent natural soils on cotton and 
polyester cloth soiled by a three day in-service wear during summer. The 
findings from this study indicated that natural soils were distributed in a 
fiber by mechanical rubbing during wear and that the soils on the fiber 
surfaces resembled oily soil. Polyester fabrics showed a greater amount of 
accumulation due to its oleophilic nature. These findings were contrary to the 
findings of Powe (1959) who found clay to be the adherent soil. Shimauchi and 
Mizushima (1968) carried out a study to compare the soil redeposition on 
fabrics produced from polyester and cotton fibers using scanning electron 
microscopy. Soiled and unsoiled samples were observed before and after 
laundering. The results indicated that soil redeposited more easily on 
polyester than cotton fabrics. The use of microscopic techniques in detergency 
studies have also been reported by Tsuzuki and Yabuuchi (1968) and Brown et al. 
(1968).
A study to determine the distribution of soils in fabric and fibers was 
carried out by Obendorf and Klemash (1982). Triolein tagged with osmium 
tetroxide was used to determine the location of oil in cotton and 
cotton/polyester fabrics. Backscattered electron imaging and electron beam X- 
ray microanalysis studies of laundered samples showed that in cotton fibers, 
oil was found in the crevices of the fibers and in the lumen while in polyester 
fibers, oily soil was observed only on the fiber surface. Electron microscopy 
analysis has also been used to study the effect of wash temperatures on the 
penetration of oily soil into a durable press polyester/cotton fabric by Breen
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et al. (1984). Electron beam X-ray microanalysis and backscattered images, were 
used to study the distribution of oil. The findings relating to wash 
temperature showed the largest improvement in removal was with increased wash 
temperature and with the unbuilt heavy-duty liquid detergent. The concentration 
of oil was also reduced to a large extend in the crenulations of cotton fibers 
and the small interfiber spaces between closely spaced polyester or cotton 
fibers. This decrease was also larger for the unbuilt heavy duty detergent than 
for either of the built, heavy-duty powdered detergents. Otherwise at all wash 
temperatures the two built heavy duty detergents removed a large amount of 
oleic acid. In study by Weglinski and Obendorf (1985) the number of unsaturated 
oils were expanded to include mono-olein, oleic acid, and triolein. The fabric 
used in this study were durable press polyester/cotton. After laundering the 
oils were tagged with osmium tetroxide and counted using energy dispersive X- 
ray microanalysis. Residual oleic acid and triolein were observed in the 
interfiber spaces, on the fiber surface, in the crenulation, lumen and 
secondary wall of cotton fibers. The concentration of triolein was higher than 
that of oleic acid in the lumen of the cotton fibers. In polyester fibers, 
oleic acid and triolein were observed on the fiber surface and non of the oils 
was located in the interior of the fibers after laundering.
Obendorf and Webb (1987) extended the study on the distribution of residual 
soil by studying naturally soiled fibers. Seven naturally soiled shirts collars 
six of which were blends of cotton/polyester and one 100% trilobal polyester 
were cut into two halves. One-half was laundered with a load of naturally 
soiled blouses and shirts using 0.2% concentration of a powdered phosphate 
build detergent in local city water. Longitudinal yarns and cross sections from 
yarns which had been removed from both the unwashed and washed pairs were
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tagged with osmium tetroxide and observed. Backscattered imaging was used to 
study the location of the oily soil tagged with osmium tetroxide while 
secondary images at various magnifications were used to show the location of 
particles. X-ray counts and elemental maps were taken for osmium (oil) and 
silicon (clay). Some of the findings from this study showed that fiber 
morphology was not a factor in the location of particulate components of 
natural soil while it was for oily soil. The findings in the previous samples 
about the location of soils on both cotton and polyester fibers was confirmed.
Webb and Obendorf (1987) evaluated five commercial detergents using 
naturally soiled durable press polyester/cotton facial wipes. Yarns for 
microscopic examination were prepared using the same procedure as in previous 
studies and the same studies were carried out. The location of residual soil 
was confirmed to be similar to that found in previous studies. Other findings 
from this study showed that the fiber surfaces retained less oil when the 
fabrics were laundered with powdered detergents than when liquid detergents 
were used, while there was no difference in performance between detergents in 
removing oil from the crenulation, lumen and the secondary wall of cotton 
fibers. Phosphate built detergents with a anionic surfactant were found to be 
more effective in removing particulate and oily soil from yarn surfaces 
compared to a carbonate built powdered detergent with nonionic surfactant. The 
amount of residual soil was the same for all detergents.
Apart from the above methods of measurement, the use of other methods such 
as chromatography (Schott, 1968) and X-ray diffraction (Powe, 1960), have been 
reported in the literature.
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4 MATERIALS, METHODS AND PROCEDURES
The preference for a laundering product by consumers is influenced by 
objective and subjective reasons. The objective reasons for the choice of a 
product are based on superior performance proven by consumers through long term 
use of the product or through documented laboratory research. Some consumers 
are influenced more by company sales promotions either through the media or by 
staged demonstration and by advice from other consumers. The basis of choice 
used by the consumer is important because if, for instance, subjective 
judgments are solely used, there is a high probability that the consumer will 
be incapable of making the best choice for the price and performance of the 
detergent. The two cases above are true in Kenya where many consumers have 
developed a preference for the detergent Omo™ either because its performance 
has been proven or due to subjective reasons. As compared to other commonly 
used detergents such as Perfix™, Omo™ is relatively more expensive and due to 
the high demand, shortages caused by transportation or manufacturing problems 
raise complaints from consumers. Currently, there is no documented research on 
the performance of the various detergents. This study therefore aims to develop 
some objective knowledge on the relative performance of these detergents based 
on laboratory studies. To achieve this objective, the effect of selected 
detergents used in Kenya on the appearance characteristics of common apparel 
fabrics was studied through spectrophotometric methods. A study on soil 
deposition which is an influencing factor in detergent efficiency was also 
studied using standard cotton soil cloth from Test Fabrics Incorporated, New 
Jersey.
The methods and procedures used in this study included the preparation of
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samples and soils, soiling of samples using an accelarotor, and the measurement 
of reflectance at various stages of the experiment.
4.1 MATERIALS
4.1.1 Detergents: The characteristics of three commercial detergents commonly
used in Kenya are described in Table 1.
TABLE 1 : The detergents used
TYPE FORM CONCENTRATION COST IN 
SHILLINGS
0M0 POWDER 2 g/1 Ksh.20
DYNAMO PASTE 2 g/1 Ksh.20
PERFIX POWDER 2 g/1 Ksh.12
4.1.2 Fabrics: Four different fabrics commonly used for wearing apparel were 
obtained from Kenya. In addition, a standard cotton soil-cloth style 405 from 
Test Fabrics Incorporated, New Jersey was used to study the redeposition 
properties of the detergents. The characteristics of these fabrics are given in 
the Table 2.
4.1.3 Soils: The categories of soil described below were used to soil the
fabric samples
(a) particulate - A sample of particulate soil was prepared from road 
dust. The soil was sanitized by autoclaving at 121 °C then it was 
sieved through a Ro-tap® sieve. Soil particles ranging between 
149-210 pm were collected and used for soiling.
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(b) oily soil - commercial olive oil Classico® was used a source of 
oily soil.
(c) composite soil - olive oil from the same source as in (b) in 
conjunction with particulate soil from source (a) were used as the 
composite soil.
(d) standard composite soil printed on fabric from Test Fabrics 
Incorporated, New Jersey, was used as soil (style 405).
TABLE 2: Characterization of fabrics used
FABRIC
TYPE
WEAVE
YARN LINEAR 
DENSITY 
(mg/m)
YARN DENSITY 
IN FABRIC 
(yarns/cm)
YARN TWIST 
(Z), 2 PLY 
(turns/cm)
FABRIC
WEIGHT
(g/m2)
WARP FILLING WARP FILLING WARP FILLING
100% COTTON 
(WHITE COLOR) 
(FI)
PLAIN 24580 36329 32 17 4.8 3.6 105.0
100% COTTON 
(WHITE COLOR) 
(F2)
PLAIN 23442 26568 29 13 6.3 6.7 139.4
100% COTTON 
(BLUE COLOR) 
(F3)
PLAIN 25340 41110 30 14 3.8 2.9 217.8
C0TT0N/P0LY- 
ESTER (BLUE 
COLOR) (F4)
PLAIN 15340 18930 44 18 3.5 0.3 110.6
4.2 METHODS AND PROCEDURES
4.2.1 SAMPLING PLAN
A completely randomized experimental design was used in this study. 
Treatments were randomly assigned to each experimental unit using a table of 
random numbers. Three replicates measuring 10 cm x 10 cm were assigned to each
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treatment.
4.2.2 Specimen preparation
Samples measuring 10 x 10 cm were cut out from the four fabrics for each 
respective treatment and the cut edges of the fabric samples were sealed using 
Duco® cement. The samples were then laundered in a regular washing machine in 
water without detergent to remove loose dirt and flat dried in a conditioning 
room. An average of four reflectance readings which represented the reflectance 
of control fabrics were taken. The fabrics samples were then soiled according 
to the methods described below.
4.2.3 Soiling methods
4.2.3.1 Particulate soiling
The accelerotor method as described by Kissa (1987a) was used. Samples were 
soiled in pairs for 60 seconds at 3000 rpm in 0.2 g of soil and loose soil was 
removed by brushing in a fixed direction for all the samples. The samples were 
then conditioned for 24 hours before reflectance measurements were taken. A 
total of four reflectance measurements were taken on each sample, two in the 
warp and two in the weft direction.
4.2.3.2 Oily soiling
Fabric samples were mounted evenly on 3-inch embroidery hoops according to 
Kissa (1971c). Then 0.1 ml of oil was placed in the center of the swatches by 
means of a 1.0 ml syringe and allowed to wick for 18 hr. A plastic sheet was 
placed under the soiled fabric to prevent oil from diffusing into the standard 
tile. Reflectance measurements were taken in a similar manner as for
81
particulate soil.
4.2.3.3 Composite soiling
This was achieved in two stages. In the first stage, samples were soiled 
with oil using the same procedure described for oily soiling, then particulate 
soil was applied by the accelerotor method using 0.1 g of soil. Samples were 
not brushed after soiling because there was no excess soil. Samples were then 
conditioned for a period of 18 hr and reflectance was measured using the same 
procedures as for oily and particulate soiling.
4.2.3.4 Soil redeposition studies
In this experiment, a standard soil cloth style 405 was used. The soil cloth 
was about 9 inches wide with approximately 3.5 inches consisting of the soiled 
portion. The soil applied composed of 84% clay, 8% lampblack, 4% Black iron 
oxide and 2% Yellow iron oxide and 3.4% lanolin dissolved in carbon 
tetrachloride and a salt solution to resemble human perspiration. The standard 
soil cloth was cut into samples measuring 10 x 20 cm (4 x 8 in) according to 
the AATCC method 151-1985. Initial reflectance readings were taken from the 
clean and the soiled halves of the samples, then the fabrics were folded into a 
10 cm square and the sides were secured together using stapling pins.
4.2.4 Laundering procedures
All laundering was done in an Atlas launder-ometer using moderately hard 
water with a calcium carbonate content of 99 ppm. A stock solution of each 
detergent was prepared at 0.2% concentration. Samples were laundered 
individually in a jar containing 200 ml of detergent solution and 25 steel ball
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bearings to enhance agitation. The laundering temperature was 49°C. Each sample 
was taken through three complete 9-minute laundering cycles according to AATCC 
method 61-1986. After each cycle, each sample was rinsed twice in 100 ml of 
water similar to that used in laundering for 5 minutes at rinsing temperatures 
of 40°C then 27°C. Samples were flat dried in a conditioning room and 
reflectance readings were taken using the same procedures as for the soiled 
samples.
4.2.5 Spectrophotometry
The principle involved in reflectance measurement has been described 
earlier. To summarize, this involves the measurement of the spectral 
distribution of light reflected from objects which is then sensed by the 
spectrophotometer and percent reflectance is given relative to a particular 
reference. The colorgard 45°/0° reflectometer used in this study measured 
reflectance relative to a white standard reference number 639(W) which had a 
maximum reflectance or Y value of 86.0%. Before reflectance could be read from 
either soiled or laundered samples, the white standard was placed under the 
probe light and the instrument was standardized so that it gave the value of 
the tile. As measurements were taken, it was necessary to standardize the 
instrument from time to time to assure accuracy in measurement. The higher 
percentage reflectance of a sample implied that it reflected more light; 
therefore, it was cleaner. These results can be used directly to interpret the 
amount of soil removed from a sample but research has shown that the 
relationship between reflectance and the amount of soil removed is not linear; 
therefore, other methods have been used to alleviate this problem.
To relate reflectance to the quantitative values of soil remaining in the
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fabric surface, the Kubelka-Munk equation (Kissa, 1987a) was used. The amount
of deposited soil was calculated as the difference between Kg/Ka after and
before soiling or after and before washing using the following formulae.
S = (1-Rs )2/2Rs -(l-Ri)2/2Ri
W = (1-Rw )2/2Rw - (1-Ru )2/2Ru
Where S - soiling value of the soiled fabric 
W - soiling value of the washed fabric.
The average reflectance values expressed as fractions of 1.00 of the test
samples were :
R^ - initial
Rg - after soiling
Rw - after soiling and washing
Ru - after washing without soiling.
Average values of S and W were calculated for three test swatches.
In this experiment, the amount of deposited soil on samples before 
laundering and after deposition experiments on the standard soil cloth was 
calculated as the difference between Kg/Ka before and after soiling while the 
amount of residual soil after laundering was calculated as the difference 
between Kg/Ka after and before laundering.
It should be noted that as compared to direct reflectance measurements, 
where higher reflectance values represent cleaner (or lighter), in the Kubelka- 
Munk equation, the cleaner or the better the soil removal from the fabric 
sample, the lower the Kg/Ka ratio. This is because the Ka which is the 
absorptive capacity of the sample is higher for relatively soiled samples, 
whereas Kg is higher for relatively clean samples.
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5 RESULTS AND DISCUSSION
The results of this study are discussed in terms of soil removal and 
retention as affected by fabric type, detergents, duration of laundry as well 
as the interaction of these factors in determining soil removal and retention. 
The fabrics used were all plain woven but of different weight, denier, yarn 
density and twist. These fabrics were laundered through three nine-minute 
laundering cycles at the same wash liquor temperature, degree of agitation and 
water hardness using three types of commercial detergents commonly found in the 
Kenyan market.
5.1 The effects of fabric type on soil removal and retention
This experimental work involved the soiling of the four fabrics as described 
in the methodology section with particulate, oily and composite soil. Soiling 
values were calculated using the Kubelka-Munk equation. The results are 
presented in Table 3 and Figure 6. A comparison of the soiling values for all 
fabrics by particulate soil shows that the polyester-cotton blend fabric soiled 
most while there was no significant difference between the three cotton 
fabrics. The order of soiling was 100% cotton (light-weight) < 100% cotton 
(heavy-weight) < 100% cotton (heavy-weight colored) < polyester-cotton fabric. 
For oily and composite soil, all fabrics soiled differently. The order of oily 
and composite soiling was 100% cotton (heavy-weight) fabric < 100% cotton 
(light-weight) < polyester-cotton < 100% cotton heavy-weight colored fabric. A 
comparison of soiling values within fabrics showed that there was a significant 
difference between the soiling values of the three soils.
Soil removal was conducted according to the AATCC method 61-1986 as 
described in the procedure section. The removal rates of the various soils was
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studied as a function of fiber content, fabric geometry, soil type, duration of 
laundry and the interaction between fabrics, soil and laundering time. The ease 
of removal of the three soils were then compared.
TABLE 3. Mean soiling valuest (K/S.s) of fabrics 
for each soil type.
FABRIC
TYPE
SOIL SOILING VALUES 
(K/S.s)
STANDARD 
ERROR OF 
MEANS
100% COTTON PARTICULATE 0.22141b 0.01033
(WHITE COLOR) OILY 0.00841* c 0.0014
COMPOSITE 0.92842* a 0.0483
100% COTTON PARTICULATE 0.20487b 0.01297
(WHITE COLOR) OILY 0.01959* c 0.00363
COMPOSITE 1.20022* a 0.08321
100% COTTON PARTICULATE 0.02251b 0.0261
(DARK BLUE) OILY 1.31693* c 0.064
COMPOSITE 2.14107* a 0.0465
POLYESTER- PARTICULATE 0.37829* b 0.0120
COTTON OILY 0.50902* c 0.0155
(LIGHT BLUE) COMPOSITE 1.66716* a 0.0457
* - Across fabric comparisons significant at 0.05
a,b,c - Within fabric comparisons significant at 0.05.
Means with the same letter are not significantly different.
t n = 54
(HEAVY, WHITE) (LIGHT, WHITE) (HEAW , DARK BLUE) (LIGHT. LIGHT BLUE)
FABRICS
FIG. 6: Relative soiling values of fabrics by individual soils.
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5.1.1 Soil removal/retention rate
The results in Table 4 and Figure 7 show that the ease of particulate soil 
removal followed the same order as the soiling rates. The order of soil removal 
was 100% cotton (lightweight) > 100% cotton (heavy-weight) = 100% cotton 
(heavy-weight colored) > polyester/cotton fabric. Most of the oily and 
composite soils were better removed from the light-weight 100% cotton fabric 
though it had soiled more than the heavy-weight 100% cotton fabric, while it 
was more difficult to remove both soils from the 100% heavy-weight colored 
cotton fabric. The ease of soil removal was in the order 100% cotton (light­
weight) > 100% cotton (heavy-weight) > polyester/cotton > 100% cotton (heavy­
weight colored) fabric.
5.1.2 Effect of laundering cycle duration
The effect of increased laundering duration on soil removal from all fabrics 
is given in Table 5 and Figure 8. Generally there was an improvement in soil 
release (k/s.w after laundering) with increased laundering time for all 
fabrics. The variation observed was in the significance between various 
laundering times for some of the fabrics. The effect of laundering cycles on 
100% cotton (heavy-weight) fabric was not significant while the light-weight 
100% cotton fabric showed no significant difference between 18-minute and 27- 
minute cycles. Soil removal from the 100% cotton (heavy-weight colored) and the 
polyester/cotton fabrics improved significantly in successive laundering 
cycles. The effect of laundering duration on the general removal/retention of 
the three soils from all fabrics is presented in Table 6 and Figure 9. These 
findings indicate that there was an improvement in particulate and composite 
soil removal after the first 9 minutes of laundering after which no significant
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difference was observed as laundering time increased from 18 to 27 minutes. 
Oily soil removal did not improve with increased laundering time. Generally, 
there was an improvement in the removal of all soils with increased laundering 
duration.
TABLE 4. Mean soil retention valuest(K/S.w) values for 
each soil type after laundering.
FABRIC
TYPE
SOIL
TYPE
MEAN (K/S.w) 
VALUES AFTER 
LAUNDERING
STANDARD 
ERROR OF 
MEANS
100% COTTON 
(WHITE(COLOR)
PARTICULATE
OILY
COMPOSITE
0.05633*
0.00189*
0.19079*
0.00366
0.00025
0.01053
100% COTTON 
(WHITE COLOR)
PARTICULATE
OILY
COMPOSITE
0.02545* 
0.00103* 
0.18897*
0.00323
0.0002
0.01592
100% COTTON 
(DARK BLUE)
PARTICULATE
OILY
COMPOSITE
0.05889*
0.21370*
0.49081*
0.00791
0.01628
0.02689
POLYESTER- 
COTTON 
(LIGHT BLUE)
PARTICULATE
OILY
COMPOSITE
0.14431* 
0.07445* 
0.43351*
0.01007
0.00692
0.01865
* - Within soil and across fabrics comparisons significant 
at 0.05.
t n = 54
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TABLE 5. Effect of laundering duration on soil
removal.
FABRIC
TYPE
LAUNDERING 
TIME IN 
MINUTES
MEAN (K/S.w) STANDARD 
VALUES AFTER ERROR OF 
LAUNDERING t
0 0.38608 0.05639
100% COTTON 9 0.11548 0.01641
(WHITE COLOR) 18 0.07566 0.01068
27 0.05787 0.00805
0 0.47489 0.07636
100% COTTON 9 0.11763* 0.02116
(WHITE COLOR) 18 0.05795 0.01005
27 0.03986 0.00684
0 1.22770 0.11124
100% COTTON 9 0.38224* 0.03764
(DARK BLUE) 18 0.23581* 0.02483
27 0.14536* 0.01689
0 0.85149 0.08121
COTTON/POLYESTER 9 0.28682* 0.03048
(LIGHT BLUE) 18 0.19889* 0.02139
27 0.16657* 0.01822
* - significant comparisons at 0.05. 
t n = 54
TABLE 6. Effect of laundering duration on retention of 
individual soils.
SOIL
TYPE
LAUNDERING 
TIME IN 
MINUTES
% MEAN (K/S.w)
values! after
LAUNDERING
STANDARD 
ERROR OF 
MEANS
0 25.742 1.164
PARTICULATE 9 9.405* 0.876
18 6.657 0.723
27 5.312 0.681
0 46.349 6.529
OILY 9 11.275 1.710
18 6.519 1.061
27 4.036 0.700
0 148.422 6.178
COMPOSITE 9 46.983* 2.515
18 29.446 1.773
27 21.377 1.320
* - Within group comparisons significant at 0.05. 
t n = 72
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5.1.3 Interaction between fabrics, soils and duration of laundering
Apart from the main effects of soil type, fabrics and laundering duration, 
the interaction of these factors played a significant role in soil removal and 
retention. Table 7 presents the results of interactions between fabrics, soils, 
and duration of laundering within and across fabrics. Within fabric comparisons 
for the removal of all soils from 100% cotton heavy-weight fabric indicated 
that the removal of composite soil was significantly influenced by successive 
laundry cycles while for oily and particulate soil, cycles lasting 27 and 9 
minutes respectively were significant in soil removal. During the first 9 
minutes of laundering, a significant amount of each soil type was removed from 
100% cotton (light-weight) fabric with insignificant improvement in successive 
laundering cycles. A marked effect in the removal of all soils was observed for 
100% cotton (heavy-weight colored) during successive laundering cycles. All 
cycles were significant for the removal of particulate soil from 
polyester/cotton fabric while the oil and composite soils were removed to a 
significant extent only in the first 9 minutes of laundering.
Across fabric comparisons of the removal of each soil by laundering cycle 
was also carried out to see if there was any significant difference in fabrics. 
A comparison of the removal of particulate soil from all fabrics after 9 
minutes of laundering indicated no significant difference in the removal of 
soil from light-weight and heavy-weight 100% cotton although the 100% cotton 
(heavy-weight colored) fabric was similar to 100% cotton (heavy-weight white) 
fabric but different from 100% cotton (light-weight) fabric. The removal of 
particulate soil from the polyester/cotton fabric was the lowest. The order of 
soil removal was 100% cotton (light-weight) > 100% cotton (heavy-weight) = 100% 
cotton (heavy-weight colored) > polyester/cotton. After 18 minutes of
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laundering, the order of particulate soil removal was 100% cotton (light­
weight) > 100% cotton (heavy-weight)= 100% (heavy-weight colored) > polyester 
cotton fabric. The soil removal rates for all three cotton fabrics were not 
significantly different after 27 minutes of laundering while polyester/cotton 
fabric retained the most soil. Generally, for all fabrics, cycles, and 
particulate soil, the 100% cotton light-weight fabric showed the greatest 
improvement in soil removal while the polyester/cotton fabric had the least 
improvement. The improvement in the removal of oily soil with increased 
laundering time was not significantly different for the light and heavy weight 
100% cotton though the light-weight fabric exhibited better soil removal. The 
100% cotton (heavy-weight colored) fabric had the lowest removal values. The 
order of soil removal was 100% cotton (light weight) > 100% cotton (heavy 
weight) > polyester/cotton > 100 % cotton (heavy-weight colored) fabrics. 
Similarly, the 100% light-weight and the heavy-weight cotton did not show any 
significant differences in all successive cycles for the removal of composite 
soil. The removal of composite soil from the polyester/cotton and the 100% 
cotton (heavy-weight colored) fabrics was significantly different after nine 
minutes of laundering but there was no difference after 18-27 minutes of 
laundering. The order of composite soil removal after nine minutes of 
laundering was 100% cotton (heavy weight) > cotton (light-weight) > 
polyester/cotton > 100% cotton (heavy-weight colored) while after 18 minutes 
the order was 100% cotton (light-weight) > 100% cotton (heavy weight) > 
polyester/cotton > 100 % cotton (heavy-weight colored). A similar trend was 
observed after 27 minutes of laundering but the 100% cotton (heavy-weight 
colored) fabric exhibited better soil removal than polyester/cotton fabric 
though this was not statistically significant. From these results, it can be
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concluded that there was a uniform improvement in soil removal in the three 
successive cycles of laundering for all soils from 100% cotton light and heavy 
weight fabrics while the 100% cotton (heavy-weight colored) fabric and the 
polyester/cotton fabrics varied. However, at the end of the three cycles, there 
was no improvement in the removal of soil from either polyester/cotton or the 
100% cotton dyed fabric which implied a levelling off of soil removal.
TABLE 7. The influence of factor interaction on soil retention 
(K/S.w) after laundering.
FABRIC SOIL LAUNDERING MEAN (K/S.w) STANDARD
TYPE TYPE CYCLES IN VALUES AFTER ERROR OF
MINUTES LAUNDERING t MEANS
PARTICULATE 9 0.07447* cb 0.00673
18 0.05133b 0.00504
27 0.04319b 0.00485
100% COTTON OILY 9 0.00313° 0.00026
WHITE COLOR) 18 0.00218* ° 0.00043
27 0.00037* ° 0.00034
COMPOSITE 9 0.26885* ° 0.01575
18 0.17346° 0.01123
27 0.13006* 0.00831
PARTICULATE 9 0.03816* ° 0.00774
18 0.02127° 0.00363
27 0.01692b 0.00316
100% COTTON OILY 9 0.00206* ° 0.00033
(WHITE COLOR) 18 0.00087° 0.00029
27 0.00002° 0.00031
COMPOSITE 9 0.31271* ° 0.02705
18 0.15172° 0.01198
27 0.10249b 0.00854
95
TABLE 7 (continued).
FABRIC SOIL LAUNDERING MEAN (K/S.w) STANDARD
TYPE TYPE CYCLES IN VALUES AFTER ERROR OF
MINUTES LAUNDERING t MEANS
PARTICULATE 9 0.09528* b 0.01700
18 0.05365* b 0.00883
27 0.02774b 0.00903
100% COTTON OILY 9 0.33059* a 0.02348
(DARK BLUE) 18 0.19396* a 0.01827
27 0.11655* a 0.01461
COMPOSITE 9 0.72084* a 0.02583
18 0.45981* a 0.01866
27 0.29179* a 0.01581
PARTICULATE 9 0.16829* a 0.0189
18 0.14004* a 0.01719
27 0.12462* a 0.01545
POLYESTER-
COTTON OILY 9 0.11524* b 0.01059
(LIGHT BLUE) 18 0.06377b 0.00978
27 0.04435b 0.00909
9 0.57694* b 0.02669
COMPOSITE 18 0.39286b 0.01991
27 0.33074a 0.01471
* - Significantly different at successive laundering cycles at 0.05 
level (within fabric comparisons).
a,b,c - Significant different at 0.05 (across fabrics, within a soil 
type, within laundry cycle).
- Means with the same letter are not significantly different.
t n = 18
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An analysis of variance of the factors affecting soil removal is presented 
in Table 8. The results indicate significant interactions between fabrics, 
soils and laundry duration in soil removal while fabric-detergent interactions 
were insignificant.
TABLE 8. ANOVA: Factors in soil removal/retention
SOURCE DF ANOVA SS MEAN SQUARE F VALUE PR>F
SOIL 2 9.29175671 1396.7 0.0000
DETERGENT 2 0.05437065 8.17 0.0003
FABRIC 3 4.19300743 420.21 0.0000
CYCLE 2 1.70648171 256.53 0.0000
SOIL*DETERGENT 4 0.17670205 13.28 0.0001
FABRIC*SOIL 6 1.94281078 97.35 0.0000
FABRIC*CYCLE 6 0.52789830 26.45 0.0001
CYCLE*DETERGENT 4 0.00533608 0.40 0.8079
CYCLE*SOIL 4 1.01907054 76.60 0.0001
FABRIC*DETERGENT 6 0.03026634 1.52 0.1701
MODEL 39 18.94770059 0.48583848 146.07 0.0000
ERROR 608 2.02227747 0.00332611
CORRECTED TOTAL 647 20.96997806
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5.1.4 Discussion of fabric effects
The dependence of soiling on fabric type and construction has been reported 
by Mas land (1939) and Weatherburn and Bayley (1957a). According to these 
researchers, soil retention was found to decrease with increasing filament 
denier, especially at higher soiling level, while increased filament twist made 
the interior of the fabric inaccessible therefore reducing soil retention in 
the interior of the fibers. These findings were confirmed in the soiling 
experiments where due to a lower level of twist in the polyester/cotton fabric, 
there was a tendency for more soiling by particulate soil due to the 
accessibility factor. The soiling levels of the three cotton fabrics was 
similar probably due to a relatively similar yarn twist and fiber morphology 
which has also been observed by several researchers to contribute to the 
variation in the level of soiling and soil retention by various fibers. The 
lower level of oily and composite soiling observed for the two 100% white 
cotton fabrics could be explained in terms of reduced affinity for oil by 
cotton compared to polyester which is oleophilic in nature contributing to a 
comparatively higher level of soiling in the blend. The higher level of 
composite and oily soiling observed for the 100% colored cotton fabric 
confirmed findings by other researchers that heavy weight fabrics, particularly 
those composed of fibers with irregular cross sections and a lower twist, 
contributed to increased soil retention. Weatherburn and Bayley (1957b) 
observed that fabrics with a twist ranging from 0-20 turns/inch retained more 
soil. This supports the findings from this research where the colored cotton 
fabric with an average twist of 8 turns/inch soiled most. Colored or dyed 
fabrics have also been shown by Kissa (1971c) to complicate the measurement of
reflectance.
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The order of soil removal was observed to follow the same trend with the 
heavily soiled fabrics showing a marked improvement in all laundering cycles 
while the lightly soiled ones showed a significant improvement in the first 
laundering cycle afterwhich no significant improvements were observed. This 
trend can be explained in terms of the availability of soil to be removed so 
that as the level of soiling increased, the proportion of removable soil 
increased. This observation has also been described by Vaughan and coworkers 
(1941) and Utermohlen and Wallace (1947) who observed that soil removal was a 
first order reaction where the rate of reaction was solely dependent on the 
initial amount of reactants. Soil removal was observed to depend on laundering 
time. Their observations of a rapid removal of soil in the initial stages of 
laundering which leveled off with time with no significant improvement at 
subsequent levels was also confirmed by Wagg (1962). The concept of an 
irremovable soil was disputed by Loeb et al. (1964) who found that even after 
350 minutes, soil removal did not reach a limit but continued to improve. In 
our experiment, a very rapid rate followed by a leveling off of soil removal 
was observed after the first nine minutes of laundering with insignificant 
improvement in subsequent cycles. The rate of soil removal was dependent on the 
initial soiling level of the fabric such that the more a fabric was soiled, the 
steeper the slope or removal rate in the first few minutes of laundering. The 
same trend was also true for soil types such that composite soil and oily soil 
had steeper slopes in the first few minutes of laundering. Kissa (1971a) also 
observed that soil release depended on the diffusion rates of water into the 
soiled fabrics which depended on the construction, hydrophobicity of the fabric 
and the nature of the soil. Although soil removal levelled off after nine 
minutes, it could not be concluded that the soil was irremovable hence an
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increase in laundering duration could help to clarify whether the concept of a 
limiting level of soil removal is applicable or not, otherwise the rapid 
removal of soil in the initial stages in the laundering process was 
established.
The analysis of the interaction between fabrics, soils and laundering time 
showed a variability in the effect of laundering time on the removal of various 
soils and from fabrics. This could be adequately explained in terms of the 
soiling level of the four fabrics. Fabric weight seemed to be a significant 
factor in that the lighter cotton fabric tended to clean more than other 
fabrics. The analysis of variance presented in Table 7 confirmed the 
significant contribution of factor interaction in soil removal/retention. Some 
findings by Komeda et al. (1970) showed that the interaction between fabric and 
soil was important in detergency.
5.2 Effect of detergent type on soil removal and retention
Apart from the effects of fabrics on soil retention, the type of detergent 
plays a major role. An analysis was carried out to determine the efficiency of 
the three detergents in removing various soil types from the four fabrics and 
the effect of increasing laundering time. A second analysis was also carried 
out to determine the effect of the interactions between soil-detergent and 
fabric type, and soil-cycle and detergent type on soil removal.
5.2.1 The effect of Detergent type on soil removal from fabrics
The results due to the effect of detergent type on soil removal from the 
four fabrics are presented in Table 9 and Figure 10. No statistically 
significant difference was found in the efficacy of any detergent on any
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fabric. Despite this, in absolute terms, Omo™ exhibited a higher level of soil 
removal from 100% cotton heavy-weight, 100% cotton heavy-weight colored fabric, 
as well as polyester/cotton fabric while fabrics laundered with Dynamo™ 
retained more soil than either of the two detergents. Perfix™ removed more soil 
from the 100% light-weight cotton, while Dynamo™ had the lowest soil removal 
value. Dynamo™ removed soil better from the 100% cotton heavy-weight colored 
fabric compared to perfix™. A general ranking of detergents based on the 
effectiveness of soil removal from fabrics was in the order Omo™ > Perfix™ > 
Dynamo™.
5.2.2 The effect of detergent type on the removal/retention of specific soils
The selective removal of various soil types by detergents depends on the 
incorporated surfactant and other additives. The efficiency of the three 
detergents in the removal of the three soils from all fabrics for all cycles is 
presented in Table 10 and Figure 11. It can be seen that the only significant 
difference in detergents was in the removal of particulate soil. The order of 
effectiveness was Perfix™ > Omo™ > Dynamo™. The trend in the removal of 
composite and oily soils was neither significant nor consistent. The order of 
detergent efficacy in removal of oily soil was Dynamo™ > Omo™ > Perfix™ while 
for composite soil the order was Omo™ > Perfix™ > Dynamo™.
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TABLE 9. Effect of detergent type on soil retention 
on individual fabrics.
FABRIC
TYPE
DETERGENT % MEAN (K/S.w) 
values! AFTER 
LAUNDERING
STANDARD 
ERROR OF 
MEANS
100% COTTON 0M0 7.361 1.047
(WHITE COLOR) PERFIX 7.604 1.327
DYNAMO 9.936 1.370
100% COTTON 0M0 6.869 1.532
(WHITE COLOR) PERFIX 6.587 1.497
DYNAMO 8.089 1.403
100% COTTON 0M0 23.683 2.799
(DARK BLUE) PERFIX 26.933 3.277
DYNAMO 25.724 3.148
POLYESTER- 0M0 20.018 2.132
COTTON PERFIX 22.105 2.856
(LIGHT BLUE) DYNAMO 23.105 2.419
No significant differences among means at 0.05 
t n = 54
TABLE 10. Effect of detergent type on the retention 
of individual soil types.
SOIL
TYPE
DETERGENT % MEAN (K/S.w) 
VALUESt AFTER 
LAUNDERING
STANDARD 
ERROR OF 
MEANS
PARTICULATE OMO 6.656a 0.683
PERFIX 4.397b 0.521
DYNAMO 10.320° 0.942
OILY OMO 6.804 1.045
PERFIX 8.832 1.512
DYNAMO 6.195 1.223
COMPOSITE OMO 29.989 2.142
PERFIX 34.193 2.514
DYNAMO 33.625 2.233
a,b,c,- Means significantly different at 0.05.
* - Unlabeled means are not significantly different 
t n = 72
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FIG. 10: Efficacy of detergent removal from in *
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5.2.3 Effects of increased laundering duration
All detergents exhibited an improvement in soil removal with an increase in 
laundering time but despite this trend no significant difference in detergents 
was observed for each cycle. These results are shown in Table 11 and 
represented in Figure 12.
TABLE 11: The effect of detergent type on soil retention 
as a function of laundering duration.
LAUNDERING TIME 
IN MINUTES
DETERGENT
TYPE
% MEAN (K/S.w) 
VALUESt AFTER 
LAUNDERING
STANDARD 
ERROR OF 
MEANS
0M0 20.912 2.478
9 PERFIX 23.067 3.018
DYNAMO 23.679 2.710
0M0 13.008 1.630
18 PERFIX 14.386 1.954
DYNAMO 15.228 1.786
27 0M0 9.522 1.212
PERFIX 9.969 1.407
DYNAMO 11.233 1.365
No significant difference between means at 0.05. 
t n = 72
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5.2.4 Interaction effects of fabric, soil and detergents
The removal of soil from fabrics is determined by the interaction of several 
factors in the detergency process. An limited analysis of some of these factors 
was carried out. The results of the interaction between fabric, soil and 
detergent type are given in Table 12. A comparison of the efficacy of the three 
detergent in the removal of each soil type from the four fabrics shows that all 
detergents were significantly different in the removal of particulate soil from 
100% heavy-weight cotton and the order was Perfix™ > Omo™ > Dynamo™. The 
polyester/cotton fabric and the 100% cotton light-weight fabric showed a 
similar trend with no significant differences in the efficacy of Omo™ and 
Perfix™. Dynamo™ displayed the lowest soil removal values. All the detergents 
were not significantly different in the removal of particulate soil from the 
100% heavy-weight colored cotton fabric. The trend for this was Perfix™ > Omo™
> Dynam™o. All the detergents removed oily soil to the same level for the 
undyed light-weight and heavy-weight cotton fabrics, however, in the case of 
the 100% cotton heavy-weight colored fabric, all the detergents performed 
differently, the order was Omo™ > Dynamo™ > Perfix™. Omo™ and Perfix™ removed 
oily soil from the polyester/cotton fabric equally well while Dynamo™ was the 
best of the three. The removal of composite soil from the 100% cotton colored 
fabric and the light-weight cotton by all detergents was not significantly 
different while that of the polyester/cotton and the undyed heavy-weight cotton 
fabric was different. The order for the heavy-weight 100% cotton fabric was 
Omo™ > Perfix™ > Dynamo™ and for the polyester/cotton fabric it was Omo™ >
Dynamo™ > Perfix™.
106
TABLE 12. The effect of fabric, soil and detergent interactions
on soil retention.
FABRIC SOIL DETERGENT MEAN (K/S.w) STANDARD
VALUESt AFTER ERROR OF
LAUNDERING MEAN
PARTICULATE 0M0 0.05482* b 0.00578
PERFIX 0.03575* b 0.00386
DYNAMO 0.07842* b 0.00480
100% COTTON 
(WHITE COLOR) OILY 0M0 0.00217° 0.00045
PERFIX 0.00178° 0.00020
DYNAMO 0.00172° 0.00056
COMPOSITE 0M0 0.16384* ° 0.01387
PERFIX 0.19059* b 0.02099
DYNAMO 0.21940* b 0.01778
PARTICULATE OMO 0.02032c 0.00319
PERFIX 0.01200b 0.00153
DYNAMO 0.04402* b 0.00727
100% COTTON 
(WHITE COLOR) OILY OMO 0.00053° 0.00026
PERFIX 0.00116° 0.00034
DYNAMO 0.00139° 0.00043
COMPOSITE OMO 0.18510° 0.03123
PERFIX 0.18460b 0.02916
DYNAMO 0.19750b 0.02321
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TABLE 12 (continued).
FABRIC SOIL DETERGENT MEAN (K/S.w) STANDARD
TYPE TYPE VALUESt AFTER ERROR 0]
LAUNDERING MEANS
PARTICULATE 0M0 0.06727b 0.01531
PERFIX 0.03979b 0.01356
DYNAMO 0.06961b 0.0116
100% COTTON 
(DARK BLUE) OILY 0M0 0.18131* a 0.02115
PERFIX 0.25534* b 0.03376
DYNAMO 0.20444* a 0.02692
COMPOSITE 0M0 0.46192a 0.04231
PERFIX 0.51285a 0.04604
DYNAMO 0.49767s 0.0 267
PARTICULATE OMO 0.12386® 0.01318
PERFIX 0.08833s 0.00843
POLYESTER- 
COTTON
DYNAMO 0.22076* a 0.01231
(LIGHT BLUE) OILY OMO 0.08813s 0.00857
PERFIX 0.09499b 0.01212
DYNAMO 0.04023* a 0.01111
COMPOSITE OMO 0.38856* b 0.02893
PERFIX 0.47982* a 0.03877
DYNAMO 0.43216* a 0.02586
* - Between detergent comparisons significant at 0.05.
a,b,c - significant comparisons at 0.05 for a detergent 
and a particular soil across fabrics.
- Means with the same letter are not different.
t n = 18
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5.2.5 Detergent, soil and laundering cycles interactions
The rate of soil removal from fabrics and other surfaces has been shown to 
be dependent on the laundering duration, detergent and the type of soil to be 
deterred. Time is required to break the adhesive bonds between the fabric 
surface and the soil and to transport soil into the wash liquor for eventual 
removal. The adhesive bonds between a fabric surface and a soil type also 
determine the induction period in that certain soils, for example, particulate 
soil depending on the particle size, takes a shorter period of induction 
compared to oily or composite soil. The effect of the hydrophilicity of the 
soil might also explain why the adhesive bonds between a fabric substrate and 
clay is easily broken in an aqueous medium compared to oily or composite soil. 
As observed in this study, the importance of laundry duration varied according 
to the detergent type, implying that the period taken by a detergent in the 
induction to eventual removal of the soil into the wash liquor was an important 
determinant in whether a detergent improved the removal of soil from a fabric 
after 9 minutes or 27 minutes of laundering. Table 13 shows the results of an 
analysis of the removal of all the three soils at various laundering cycles for 
all detergents. Perfix™ was significantly better in the removal of particulate 
soil than the other detergents after nine minutes of laundering but after 18 
and 27 minutes, Omo™ performed equally well while Dynamo™ consistently had the 
lowest soil removal values. Omo™ removed oily soil more effectively after 9 
minutes of laundering while Perfix™ had the lowest removal values. However, 
after 18 to 27 minutes there was no significant difference between the three 
detergents in oily soil removal. All detergents exhibited similar efficacy in 
the removal of composite soil.
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TABLE 13. The effect of detergent and laundering cycle 
interactions on soil retention.
SOIL
TYPES
LAUNDERING 
CYCLE IN 
MINUTES
DETERGENT MEAN(K/S.w) 
VALUESt AFTER 
LAUNDERING
STANDARD 
ERROR OF 
MEAN
9 0M0
PERFIX
DYNAMO
0.09844b 
0.05645* c 
0.12725b
0.01295
0.01148
0.01735
PARTICULATE 18 0M0
PERFIX
DYNAMO
0.05760b 
0.04280° 
0.09931* a
0.00943
0.00779
0.01613
27 0M0
PERFIX
DYNAMO
0.04365b 
0.03265b 
0.08304* b
0.01023
0.00681
0.01450
9 0M0
PERFIX
DYNAMO
0.09265b 
0.14042* b 
0.10519b
0.02284
0.03611
0.02878
OILY 18 0M0
PERFIX
DYNAMO
0.06668b 
0.07806° 
0.05084°
0.01719
0.02140
0.01653
27 0M0
PERFIX
DYNAMO
0.04478b 
0.04648b 
0.02981°
0.01198
0.01248
0.01235
9 OMO
PERFIX
DYNAMO
0.43644a 
0.49513s 
0.47793s
0.04034
0.04779
0.04322
COMPOSITE 18 OMO
PERFIX
DYNAMO
0.26598s
0.31073s
0.30669s
0.02947
0.03427
0.02854
27 OMO
PERFIX
DYNAMO
0.19723s
0.21994s
0.22415s
0.02083
0.02614
0.02188
* - Means soil retention values for detergents at various 
laundering cycles significant at 0.05
a,b,c, - Significant mean washing values for a detergent
at similar laundering times for the three soils.
- Means with the same letter are not significantly different, 
t n = 24
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A comparison of the efficacy of detergents in the removal of the three soils 
at the same laundering cycles (9, 18, 27 minutes) showed that for all soils and 
laundering cycles, Omo™ removed oily soil and particulate soil equally well 
while the removal of composite soil was the poorest. Particulate soil was 
better removed by Perfix™ after 9 minutes of laundering but after the 18 minute 
cycle, oily and particular soil was removed equally well while composite soil 
was poorly removed. Oily and particulate soil was removed equally well by 
Dynamo™ in the first 9 minutes whereas composite soil was removed to least 
extent. After 18 and 27 minutes, oily soil was better removed by Dynamo™ while 
composite soil consistently had low removal values. An analysis of the factors 
influencing the efficacy of a detergent showed that detergent type and its 
interaction with the soil type were significant while the fabric type and the 
duration of laundering were not significant.
5.2.6 Discussion of detergent effects
The difference in the removal of particulate soil from yarn surface by 
various detergents has been discussed by Breen et al. (1984) and Webb et al. 
(1987). The findings of these researchers showed that this difference was due 
to the surfactant/builder system. The phosphate built anionic detergents in 
powder form were more effective than the liquid or nonionic detergents in 
removing soil from the fiber surface. In the present research, Perfix™ was 
found to be consistently better in removing particulate soil from all fabrics 
compared to Omo™ and Dynamo™. The effectiveness of Perfix™ in the removal of 
particulate soil was probably due to a better ability in breaking the adhesive 
bonds between fabrics and the soil and its ability to be adsorbed on the fabric 
surface which may have been the limiting factor for the other two detergents.
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Harris (1948), Meader (1952), and Ginn and Brown (1961b) have shown that 
adsorption was related to detergency and that the concentration of a detergent 
was an important determinant. The importance of detergent concentration was 
found to closely relate to the formation of micelles which was achieved at a 
certain concentration depending on the detergent surfactant/builder system so 
that better detergents achieved this at a lower concentration than poorer ones 
hence this was reflected in the variability in detergent efficacy. These 
findings might explain why Perfix™ and Omo™ performed better in the removal of 
particulate removal compared to Dynamo™ though further studies are needed to 
establish the effect of varying detergent concentration on the efficacy of 
these detergents in soil removal. The superior performance of Perfix™ and Omo™ 
can be attributed to the powder form as observed by Breen et al. (1984) and 
Webb et al. (1987) while Dynamo™ was inferior probably because it was a paste. 
All the detergents were limited in the removal of oily and composite soil from 
all fabrics. This relationship was also observed to be true by Webb et al. 
(1987). The results from the comparison of factor interaction further supported 
the lack of a clear cut superiority of a specific detergent in removing 
composite soil. However, in the removal of oily soil Omo™ and Dynamo™ were 
superior to perfix™. Several studies such as those of Weatherburn et al. 
(1957a), Powe (1960), and Hart & Compton (1953a) have shown that the removal of 
composite soil is made more difficult due to the binding effects of soil 
particles by an oil layer while oily soil is difficult to remove because of the 
hydrophobic nature. The 100% cotton colored fabric exhibited poor soil removal 
by all detergents affirming that fabric substrate can complicate soil removal. 
Under certain laundering conditions, Dynamo™ performed as well as Perfix™ while 
in most conditions, Perfix™ was as good as Omo™. A tentative ranking of
112
detergents in the order of effectiveness showed that Omo™ performed as well as 
Perfix™ while Dynamo™ was inferior.
Analysis of variance as presented earlier indicated no significant 
interaction between laundering cycle duration and detergent type. If soil 
removal is assumed to follow the trend observed by Wagg (1962) and Kissa 
(1973), among other researchers, then it may imply that there was a uniform 
improvement in soil removal by all detergents at subsequent laundering cycles 
which masked any differences in efficacy. Furthermore, it may also mean that 
there was no clear cut superiority of any of the detergents under investigation 
in soil removal at various laundering cycles.
5.3 Soil redeposition during laundering
Soil redeposition as discussed in the review of literature is one cause in 
the soiling of textiles. In this process, soil which has been removed from the 
fabric surface redeposits back onto the fabric surface or accompanying fabrics. 
This process is dependent on the interaction of several factors including the 
general laundering conditions such as detergent type, wash temperatures, and 
the physical and chemical properties of soils and fabrics among others.
The efficacy of a detergent in preventing soil redeposition is determined by 
its ability to suspend soil in the wash liquor long enough for removal by the 
rinsing process. Since the type of detergent, concentration of surfactant and 
redeposition additives are some of the important determinants in soil 
redeposition, a study was carried out to determine the efficacy of the three 
detergents based on this property. Tables 14-17 present the results of these 
experiments. Tables 14 and 15 show that there was no significant difference in 
soil redeposition by Perfix™ and Omo™ while Dynamo™ caused the redeposition of
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TABLE 14. The effect of detergent type on soil redeposition.
DETERGENT
COMPARISON
SIMULTANEOUS 
LOWER CONFIDENCE 
LIMIT
DIFFERENCE
BETWEEN
MEANS
SIMULTANEOUS
UPPER
CONFIDENCE
LIMIT
3 - 2 0.0023 0.0047 0.0071 ****
3 - 1 0.0026 0.0051 0.0075 ****
2 - 1 - 0.0021 0.0003 0.0027
Note: 1 - refers to Omo, 2 - Perfix, 3 - Dynamo.
**** - Comparisons significant at 0.05 level.
TABLE 15. ANOVA: Soil redeposition : Efficacy of detergents
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE PR > F
DETERGENT 2 0.00026 16.87 0.0001
CYCLE 2 0.00000 1.50 0.2350
DETERGENT*CYCLE 4 0.00000 2.05 0.1050
MODEL 8 0.00035 0.00004 5.62
ERROR 42 0.00032 0.00000
CORRECTED TOTAL 50 0.00067 0.00000
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TABLE 16. The effect of laundering duration 
on soil redeposition.
DETERGENT LAUNDERING TIME % MEANt SOILING 
IN MINUTES VALUES (K/S.s)
9 0. 278
0M0 18 0.236
27 0. 267
9 0.,246
PERFIX 18 0.,534
27 0.,060
9 0.,665
DYNAMO 18 0.,782
27 0.,867
t n = 9
TABLE 17. A comparison of laundering cycle effects on soil 
redeposition
COMPARISON OF
LAUNDERING
CYCLE
SIMULTANEOUS
LOWER
CONFIDENCE
LIMIT
DIFFERENCE
BETWEEN
MEANS
SIMULTANEOUS
UPPER
CONFIDENCE
LIMIT
2 - 1 -0.0013 0.0011 0.0034
2 - 3 -0.0013 0.0012 0.0037
1 - 3 -0.0023 0.0001 0.0026
Note: Cycle 1, refers to 9 minutes, cycle 2, to 18 minutes 
and cycle 3 to 27 minutes.
- No significant difference in laundering cycles at 0.05 level.
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FIG. 13: The effect of detergent type on soil redeposition.
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a significant amount of soil on the clean test samples. A comparison of the 
effect of increased laundering time on soil redeposition is given in Tables 16 
and 17. It is apparent that no statistically significant redeposition effects 
were observed with an increase in laundering duration (Table 17). However, a 
trend towards an increased soil redeposition was observed with increased 
laundering time in the case of Dynamo™ (Table 16 and Figure 13).
5.3.1 Discussion of soil redeposition
A comparison of the suspending power of the three detergents has shown that 
Dynamo™ was inferior compared to Omo™ and Perfix™. If soil redeposition is 
assumed to be a reversible reaction where detergency is affected by the rate at 
which soil is removed and redeposited back, the efficacy of a detergent is 
determined by the ability of its builder system to sequester the soil as well 
as the calcium and magnesium ions and suspend it in the wash liquor long enough 
for it to be removed in the rinsing process. In this experiment, Dynamo™ was 
inefficient in suspending soil hence, the rate of soil redeposition was greater 
than the removal. It has also been observed by Ross et al. (1955) and Rutkowski 
et al. (1961) that sequestering agents such as the phosphate groups react in a 
stoichiometric ratio with water hardness ions so that a detergent deficient in 
the builder agent may be limited in its suspending power. Phosphates have also 
been found to have better sequestering power compared to carbonates which 
contribute to fiber encrustation eventually causing a loss of mechanical 
properties of fabrics. Rutkowski et al. (1961) observed that while carbonate 
and calcium deposits may contribute to enhanced soil deposition, the deposition 
of clay onto cotton was influenced more by the presence of unsequestered or 
unprecipitated metal ions in the wash solution or bound to the cotton fiber.
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Lambert (1951) has shown that the presence of protective agents such as 
carboxymethy1 cellulose enhanced the suspending power of a detergent by 
adsorption onto cotton fibers mechanically blocking the finer capillaries hence 
reducing soil redeposition. All the factors mentioned above may help to explain 
the ineffectiveness of Dynamo™ though it should be realized that all detergents 
showed some level of soil redeposition with a variation in the degree of soil 
deposition. The lack of significance of laundering time in soil deposition 
shows that the deposition of composite soil may be a gradual process and that 
soil deposition could also be compared to soil removal where the process is 
rapid in the initial stages beyond which it levels off. Based on the assumption 
that soil redeposits in the yarn spaces and fiber capillaries, the leveling off 
in the rate of soil redeposition can be attributed to the reduced deposition 
sites on the fabric. Figure 13 shows the steady increase in soil redeposition 
by Dynamo™ and Omo™. The soil redeposition trend by Perfix™ was marked by a 
steep increase after the first 9 minutes followed by a drastic decline after 18 
minutes of laundering. This unique trend was assumed to have been caused by the 
wearing off of fabric surface carrying away with it the deposits of soil. This 
finding implies that further observation is necessary before an adequate
conclusion can be drawn.
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6 SUMMARY AND CONCLUSIONS
The results of this study indicate that the significant factors affecting 
soiling and soil removal from fabrics were fabric weight, fiber type, yarn 
twist and soil type. The effect of fabric weight was evident from the higher 
level of soil removal from the light-weight cotton fabrics compared to the 
heavy-weight dyed and undyed cotton fabrics. The dyed heavy-weight cotton 
fabric exhibited a higher level of soiling as well. The significance of fiber 
type was evident in the higher affinity for oily soil by the polyester/cotton 
fabric. Also due to low yarn twist, a higher level of particulate soiling was 
observed in the polyester/cotton fabric. The binding effect of the oily layer 
to particulate soil made the removal of composite soil more difficult while 
particulate soil was removed easily from all fabrics by all detergents. The 
removal of particulate soil was a significant determinant in the efficacy of 
the detergents. Perfix™ was better than Omo™ and Dynamo™ in removing 
particulate soil from all fabrics though Dynamo™ caused more soil retention 
than Omo™. All three detergents were limited in the removal of oily and 
composite soil. A general comparison of the three detergents revealed that 
Dynamo™ caused the most retention and redeposition of soil while there was no 
significant difference in the efficacy of Perfix™ and Omo™.
6.1 Implications of the findings
The insignificant difference between the efficacy of Perfix™ and Omo™ 
implies that a consumer has the choice to use either of them without 
sacrificing cleansing efficiency. The price of Perfix™ in 1988 was about 13 
Kenya shillings (U.S 0.75 cents)/500 grams compared to Omo™ and Dynamo™ which 
cost about 20 Kenya shillings (U.S $1.25)/500 grams. The implication is that
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consumers can achieve satisfactory laundering results at a lower cost if they 
are aware of the detergent's efficacy. It is important to disseminate the 
results of comparative efficacy of commonly used detergents in Kenya.
6.2 Suggestions for future research.
Since only one method of measuring soiling and soil removal was employed in 
this study, research using other methods is recommended. There is also need to 
broaden the study to include more observations on the physical and chemical 
effects of detergents on fabrics and the influence of other variables such as 
wash temperature, water hardness level, detergent concentration, and additives 
incorporated in laundering detergents.
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